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Abstract
The overall objective of this study is to contribute to a deeper understanding of 
sustainable development and to explore the olive oil industry in the Mediterranean as an 
example of how the concept might be turned into reality.
First, an intellectual framework is needed to provide a practical interpretation of 
sustainable development as well as a consistent methodology to assess it  As becomes 
clear from the failure of sectoral approaches, the answer to the problem of sustainable 
development lies in the process to assess it  which requires the concept of environment to 
be extended to include historical, socio-economic and cultural concerns. This demands a 
holistic approach, recognising the different space and time scales of sustainability and 
the importance of equity. In this light, a new vision for sustainable development has been 
set up, that is a pattern to organize the interactions between natural and man-made 
systems utilizing their resources in a renewable and equitable way.
In practice, this means expressing what sustainable or "intelligent" technology is 
expected to deliver and "appropriate" policy is intended to promote. To apply this 
approach, three parts have been developed in the study, from the general to the specific. 
In the first part the attention is turned to the Mediterranean region, where the challenge of 
promoting sustainable development is difficult but important. Equity is pivotal, as in the 
absence of successful technology transfers, cooperation and redistribution to less 
developed countries, environmental degradation, destabilization and further migratory 
pressures must be expected. For this purpose, in the second part strategic production 
activities are identified, i.e. the olive oil industry, whose drivers are analysed to identify 
sustainable policy scenarios. In addition to market projections, analysis of other issues is 
required to complete the holistic approach, i.e. history, human geography, technology, 
rural environment, society, environment and culture. This is the focus of the third part of 
the work, taking as a case study the olive oil industry in Andalusia, the most important 
olive-producing region in the world. As a consequence of the significant industrialization 
process pushed by EU subsidies, only a few ecological and traditional olive production 
systems are sustainable in Andalusia, while major negative impacts on jobs, environment 
and culture have been identified in all the others.
Overall, ethics emerges as the very principle to legitimate sustainable development, on 
which the appropriate answer to the question "why sustainable development?" 
formulated by utilitarianism can be philosophically grounded.
The only possible answer is clearly ethical, as it lies in the re-definition of the appropriate 
"equitable" role of man in the universe, which must be based on two assumptions: the 
inherent right to exist of the whole of creation, and the higher responsibility and sense of 
moral trustworthiness of man vis-a-vis the whole of creation because of the more 
developed consciousness with which he is endowed, which also allows him to be more 
efficient in transforming natural systems.
If not, sustainable development remains an end-of-pipe solution, and risks becoming an 
empty concept expressing a vague and nebulous "green and good-Samaritan" new 
anthropocentrism, invoked only because of the failure of conventional patterns of 
"development", which are no longer efficient in guaranteeing to man his anthropocentric 
role in the universe, as they cause his dominions to be eroded.
In this vision, man is no longer dominating nor conquering creation -as the conventional 
vision of development assumes- but has to respond to higher responsibilities, precisely 
because of the many privileges and gifts with which he has been endowed: man should 
become the conscience of creation, while equally creation should become the conscience 
of man, as both are so deeply mutually embedded as to be indistinguishable.
Summarizing, the real challenge of sustainable development is clearly nothing but the 
ethical reformulation of visions shaping the relationships between and within human and 
natural systems.
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Sustainable development in the Mediterranean:
for what purpose?
The objective of this part of the thesis is to set out the framework for the study: identify what we 
think sustainable development is and provide a consistent methodology to assess it in the 
Mediterranean. An intellectual framework to shape sustainable development and to assess its 
characteristics is developed, to enable exploration of key-issues for promoting sustainable 
development in the Mediterranean region. A critical review o f the main principles, visions, 
definitions and tools related to sustainable development is the first step. Key-issues are 
identified, to set up an operational definition of sustainable development and a tailor-made 
methodological framework to assess it, through an enhanced version of the conventional 
system approach. To promote sustainable development is a tough task, as it has global features, 
and this approach introduces different scales and levels o f analysis. Accordingly, starting from 
a general overview of the Mediterranean region, the most relevant features and properties for 
sustainable development are identified and explored: natural and human resources, technology, 
socio-economy, production systems, environment and culture. This enables identification o f the 
main bottlenecks which non-EU Mediterranean countries face, many of which come from 
economic globalization. At this stage, the Euro-Mediterranean policies are explored as a major 
instrument of the EU to promote sustainable development in the Mediterranean and offset the 
negative effects of globalization: the main problems, gaps, prospects and possible scenarios are 
identified. Cooperation between richer and poorer countries is idixhfisff as the key-issue for 
sustainable development. For this purpose, strategic production activities are identified in the 
agro-food industry: its social, economic, technological and cultural prospects could promote 
sustainable development if policies are consistent. Otherwise the existing problems could be 
exacerbated. Due to its strong involvement in environment, society and culture of the 
Mediterranean, together with attractive economic and technological prospects, the olive oil 
industry is identified as a key activity for sustainable development objectives to be fulfilled. Its 
most relevant socio-economic, agroecological, technological and cultural profiles are therefore 
explored, and consistent policy scenarios are examined.
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1. Sustainable development: what is it for?
The objective of this section is identify the key-issues to explore the concept o f sustainable 
development, and the associated principles, views and tools. To promote sustainable 
development is a tough task, as it has global features: accordingly, different scales and levels of 
analysis have to be considered. This allows operational definitions for sustainable development 
to be shaped, to frame the overall methodology and structure of the study through an enhanced 
version of the conventional system approach.
1.1 Sustainable development: principles and concepts
The most commonly used definition of sustainable development is expressed in the 1987 
publication "Our Common Future" (WCED, 1987), also known as the Brundtland Report, issued 
by the World Commission on Environment and Development. This definition identifies it as 
“development that meets the needs of the present without compromising the ability o f future 
generations to meet their own needs”. Following that report, UNEP’s 15th Governing Council 
described sustainable development as “progress towards national and international equity, as 
well as the maintenance, rational use and enhancement of the natural resource base that 
underpins ecological resilience and economic growth” (UNEP, 1989).
Despite the many meanings and models of sustainable development, a consensus is emerging on 
its main issues and approaches. Sustainable development formed the foundation underlying 
UNCED in 1992 and dominated the Rio Declaration on Environment and Development. Perhaps 
most important, UNCED adopted Agenda 21, a five-hundred page blueprint detailing the “new 
global partnership for sustainable development” into the 21th century. UNCED not only 
affirmed the goal of sustainable development but, through the Rio Declaration and Agenda 21, 
added meaning and substance to this principle. Most recently, the UN Commission on 
Sustainable Development affirmed international recognition of three-part paradigm that frames 
our understanding of sustainable development: economic, ecological and social 
interdependence.
Economic interdependence
These concepts of common but differentiated responsibilities aim to highlight the expectation 
that developed countries will be asked to carry more of the immediate burden of achieving 
sustainable development on a global basis, because they contribute more to environmental 
degradation (the "polluter pays" principle) and they have greater financial and technical 
resources (Rio Declaration, 1992, art.7). The concept of differentiated reponsibility, like many 
trade agreements, provides for special and differential treatment of developing countries, 
providing financial and technical support to meet significant targets for environmental 
protection.
Ecological interdepence
During the past three decades scientific understanding of the ecological interdependence of the 
planet’s resources has increased dramatically, leading to the consensus that degradation of 
certain resources can have implications for the continued functioning of the others and of the 
whole planet. The preamble of the Rio Declaration (Rio Declaration, 1992), the Biodiversity 
Convention (United Nations, 1992a; ASEAN, 1995) and the World Charter of Nature (United 
Nations, 1983) all acknowledge the dependence of humankind on nature and the environment 
for continued survival.
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Social interdependence
These concepts of intra- and inter-generational equity aim to recognize that the lessening of 
economic inequality must be seen as a primary social goal of sustainable development: this 
finally extends to a wider ethical dimension the concept of social interdependence, recognising 
within and between generations the responsibility to distribute equitably the wealth they have 
inherited; this has been important since the Stockholm Declaration (United Nations, 1973), and 
strengthened by the Rio Declaration (Rio Declaration, 1992). Equity for alleviating poverty is 
the cornerstone for sustainability both in developing countries, where the links between 
environmental stress and hunger are so apparent, and in developed ones, where relative poverty 
is a serious socio-economic problem (United Nations, 1980, 1989, 1992b).
The following issues may contribute towards a further conceptual framework to shape more 
operational definitions of sustainable development (Rio Declaration, 1992):
♦ Economic Progress: Economic development can proceed in a way that enables the 
achievement of full economic growth potential while maintaining the stock of assets that 
yields these benefits.
♦ Ecological Resilience: Environmental protection is an integral part of the development 
process. Preserving the resilience of biological and physical systems is critical to our long­
term economic and social security.
♦ Social Development: Breaking the vicious circle of population growth, poverty and 
environmental degradation is the key to achieving sustainable development. So too is the 
preservation of cultural diversity and the advancement of social justice.
♦ Policy integration: economic, ecological and social goals are interdependent and can be 
achieved only through an integrated policy approach.
Sustainable Resource Use:
Natural resource exploitation should proceed in a way and at a rate that does not lead to long 
term decline of these resources and guards against their future exhaustion. Accordingly, specific 
actions should be identified to re-orient the use of non-renewable resources.
Equity:
Natural resources should be used and shared in an equitable manner, which implies taking into 
account the needs of other users, including both present (intragenerational equity) and future 
generations (intergenerational equity).
Transparency and Public Participation:
Citizens should participate in environmental decision making and have appropriate access to 
information and to judicial and administrative proceedings.
Biodiversity:
National and international development strategies should be based on the premise that the 
protection of biodiversity is critical to the resilience of the global ecosystem, which incorporates 
all aspects of the biosphere including anthropogenic environments. The philosophical 
assumption that grounds this approach lies in the concept of equity as a right of non-human 
biota, whose stewardship is attributed to man.
Scales of sustainability:
From the principles and concepts examined above, it is clear that sustainable development 
constitutes a holistic system approach to structure and organize the interactions between natural 
and man-made systems. In this light, sustainable development is characterized by different 
scales of space and time, which reflect the scales of interaction between natural and man-made
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systems involved in this process. Accordingly, space scales range from local to global, while 
time scales can vary from one cropping year to the life of our planet (Clift et al., 1997, 1998; 
Clift, personal communication). This concept clearly underlies the different operational 
definitions for sustainable development (see the following sections), and is clearly developed in 
the conceptual framework of "metastability" (see following Text Box 1).
1.2 Sustainable development: operational definitions
The definition of sustainable development by the Brundtland Commission (WCED, 1987) can 
now be shaped into a more operational framework. The criteria of sustainable development can 
be broadly classified along a weak-strong axis, according to the entity they would opt to 
preserve and their belief in substitutability across various forms of capital.
According to a pure economic vision, there are areas of human activity where depletion of the 
corresponding natural stocks involves a renewability cost which may be high but is finite; there 
are others where these conditions do not occur, so that a rigid constraint is set on the 
consumption of these non-recoverable natural stocks, whose violation incurs an infinite cost (i.e. 
replacement is actually impossible). As long as we are far from a critical threshold we can 
pursue an approach of finite cost; if not, we should adopt a constraint approach. In all cases the 
goal is to preserve the set of options for the coming generations, leaving them the option to 
choose their preferred level for each stock and pay for it. To afford them this, we must try to 
achieve our sustainability targets cost-effectively, providing them with non-declining income, 
which could allow the necessary technical progress to develop appropriate technologies for 
substitution across different forms of natural and man-made capital. Accordingly, operational 
definitions of sustainable development have been categorised as calling for weak, strong or very 
strong sustainability.
Weak sustainability
This vision of sustainable development calls for guaranteeing non-declining utility for future 
generations (Pearce et al, 1989). As it is very ambitious to predict the preference sets for future 
generations, this vision is operationally equivalent to guaranteeing non-declining consumption 
for our descendants (Pezzey, 1989). Some authors identify why several generations is the 
appropriate horizon (Clift et al., 1995, 1996, 1997, 1998). "Weak sustainability" considers a 
non-declining value of the aggregate capital stock, that is the sum of the values of the individual 
capital stocks, man-made and natural. The weak sustainability paradigm has been so far 
criticised for being too optimistic on the power of technology to the point of ignoring 
thermodynamics constraints, on the major role of substitutability and on the reliability of prices 
and monetary valuations as indicators (Victor etal., 1994; Vercelli, 1994).
This approach is essentially economic, and at the very least utilitarian. In fact, the concept of 
true income is behind this formulation: the maximum amount that can be spent on consumption 
in the current period without reducing real consumption expenditure in future periods; this 
means that a part of today’s income is not consumed to enable the same level of total capital, 
production and consumption tomorrow. In any case, it is clear that this definition is limited by 
the conceptual framework —essentially economy-oriented— that shapes it. Other standpoints 
are then to be taken into account.
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Strong and very strong sustainability
This vision of sustainability calls for the preservation of each individual capital stock, and not 
their sum: the real issue is the non-substitutability between natural capital and man-made or 
human capital, e.g.knowledge and technology (Ekins and Jacobs, 1994). A stronger variant of 
the preceeding definition denies every form of substitution across different kinds of natural 
stocks, calling for the preservation of each one. A further variant rejects focusing on preserving 
the value of natural stocks, calling for the preservation of fixed physical levels of natural stock 
themselves (McKillop et al., 1994; Kyriakou, 1994; Ingegnoli, 1993).
The alternative visions of sustainability
An intermediate weak-strong criterion has been proposed by Perrings (1994), whereby man- 
made capital, as well as its sum with natural capital, are non-declining, while natural capital 
may decline for some finite period but not to complete depletion. The underlying principle is 
that no man-made capital can be produced without the use of a positive amount of natural 
capital.
The dichotomy between the weak and the strong visions of sustainability could be summarised 
to suggest that sustainability requires the preservation of either the quantity of a stock (strong 
vision) or its output (weak vision) (McKillop, 1994, p351). The way to resolve this dichotomy 
into a new weak-strong formulation is to include all amenities provided by the resource in the 
output to be preserved, simultaneously avoiding irreversible depletion of natural stocks, as we 
must maintain the set of options our descendants will place on them. Substitutability should be 
explored whenever possible in this model (Erreygers, 1994; Gastaldo and Ragot, 1994; 
Kiriakou, 1994): intersectoral (across types of capital stocks), interspatial (compensating stocks 
cut in one site with increase in another) and intertemporal (balancing stock reduction in one 
period with stock-restoring frugality in another).
Finally, new policy needs to be identified: environmental preservation is not treated as an 
ultimate objective beyond and above human welfare but should be identified as one of its major 
components. Whether the anthropocentric view of weak sustainable development could be 
compatible with the stronger visions of sustainability needs to be explored (B^ckenbach and 
Pasche, 1994). For this purpose it is interesting to relate these concepts to new views on the 
popular equation of wealth with welfare. This equation has come under scrutiny in recent years; 
there are long-standing critiques of conventional assumptions about the relationships between 
economic growth and human development (e.g. Schumacher, 1973; Max Neef et al., 1991), 
between national income and social equity (e.g. Kuznets, 1967; Easterling, 1974), and between 
personal income and happiness (Oswald, 1995). More recently, environmental concerns have 
motivated a further critique of the conventional equation (e.g. Daly and Cobb, 1989; Jacobs, 
1991; Pearce et al., 1989). This critique has been enshrined in the calls for and discussion of the 
concept of sustainable development (WCED, 1987). It argues that today’s economic success 
should not be ensured at the expense of the natural environment on which tomorrow’s welfare 
depends (Jackson and Marks, 1996).
On the basis of these various responses, there have also been specific attempts to develop new 
kinds of indicators of success in delivering sustainable welfare (Anderson, 1991; SCOPE, 1995; 
UNEP, 1995; EU, 1992). But the more ambitious initiatives have tried to provide aggregate 
indices which account for a variety of different determinants of welfare within a single monetary 
index (Eisner, 1985; Nordhaus and Tobin, 1972; Daly and Cobb, 1989). The Index for 
Sustainable Economic Welfare (i.e. ISEW), for instance, adjusts the conventional economic 
measure of personal consumer expenditure to account for a variety of different social and 
environmental factors including the distribution of incomes, the contribution from non-
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monetarized activities, the depletion of natural resources, environmental damage and the 
accumulation of so-called “defensive” expenditures (Daly and Cobb, 1989; Jackson and Marks, 
1994; Bresso, 1993; Bonazzi, 1996). This indicator was developed first for the US (Daly and 
Cobb, 1989) and subsequently for Germany (Diefenbacher, 1994), the UK (Jackson and Marks, 
1994), Austria (Obermayr et al., 1995), the Netherlands (Rosenberg and Oegema, 1995) and 
Sweden (Jackson and Stymne, 1996).
1.3 Sustainable development: a synthesis of the economic approaches
The economic approaches have so far dominated the debate on sustainable development, 
especially in decision- and policy-making processes. It is interesting at this stage to analyse what 
another group of disciplines, usually dealing with economic rather than social sciences, have 
tried to do to model sustainable development, essentially reformulating the conventional concept 
of economic development (Toman , Pezzey and Krautkraemer, 1994; Kyriakou, 1994).
Models of sustainable development come in many colours. Early models, employing the 
assumption of substitutability, assumed that adequate technical progress, deemed as an 
exogenous force, was able to guarantee sustainable development (Erreygers, 1994). In most 
cases the value to be optimised is the value of future utility discounted to the present (net present 
value): this approach places more emphasis on the well being of the current generation. Other 
more equilibrated approaches reject discounting, or opt for discounting back to the birthdate of 
each generation. These approaches reserve more symmetric treatments to generations, providing 
a consistent execution of an optimal policy plan across time and generations (Riley, Asheim, 
referred to in Toman, Pezzey and Krautkraemer, 1994). Discounting back to the present involves 
an ethical problem: it penalises individuals to a lower level of welfare simply because they are 
born later than earlier. Furthermore, in the absence of intertemporal markets for environmental 
degradation, future generations may be disadvantaged. It is important to consider the inter- 
generational social welfare function (Mourmouras, 1993, referred to in Pezzey, 1994).
A very important consideration is that capital-rich countries have a better chance of achieving 
sustainable development, while capital-poor countries are more affected by the possibility of 
driving themselves to environmental catastrophe. The existence of multiple sovereignity 
exacerbates the complexity of the problem by raising issues of the apportionment of material 
goods, trade and pollution rights.
In brief, economic models for the study of sustainable development are many, and they vary in 
their choice of the “crucial actor”, from the single agent to future generations, and in the 
optimality criterion with the net present value discounted back to today or to the beginning of 
each generation's lifetime. Finally quite a few models reject linear frameworks, focusing on 
system resilience, identifying stability corridors and catastrophe thresholds (Beckenbach and 
Pasche, 1994; Vercelli, 1994; Kyriakou, 1995, pp.24-28).
A few qualifications must be added:
•First, the crucial issue in this as in all welfare economic problems is the specification of the 
welfare function, both in terms of intergenerational weights and its treatment of the sustainable 
development criteria. If natural capital is included as an argument of the welfare function, then 
its depletion carries a finite cost.
• On the other hand, if preservation is treated as a constraint then its violation involves infinite 
costs, and the “strong” version of sustainable development is espoused.
• A disturbing characteristic of many strong version approaches is the casting of the human 
species in the role of an extra- natural element. It seems much more realistic to interpret human
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beings as members of the animal kingdom whose intelligence, creativity and activities are part 
of nature as much as the machinations, albeit less spectacular, of any other species.
• The thermodynamic limitations apply in an enveloping sense in the very long run.
• Fifth, the pure time preference component of the discount rate raises thorny ethical questions. 
The manipulation of interest rates, in real life the proxies for the discount rate, make this 
approach not a useful tool for sustainable development.
• Environmental problems are exacerbated as less developed countries grow. The political 
dimension of the problem comes again to the fore in apportioning pollution permits for the 
commons, in controlling transboundary damage, and in distinguishing protectionism from trade- 
enhanced environmental degradation. Furthermore, if we consider the possibility of 
environmental extortion by the "haves", it becomes clear that the environmental and social 
aspects of sustainable development are strictly interlinked. Clearly, theMuAiMimt't ' of a set of 
alternatives is the pivotal issues to fulfil equity objectives.
• The preservation of the set of alternatives for future generations reflects an intermediate 
between weak and strong versions of sustainable development. It has two advantages (Vercelli, 
1994; Kyriakou, 1995): first, it is well rooted in recent neoclassical economic literature; second, 
it can be combined with a growth objective to form an integral part of a consensus sustainable 
development view. If the “strong” version aims at preservation of fixed numerical targets of 
environmental variables, the preservation of the set of alternatives could accept deterioration in 
certain variables as long as the economic benefit warrants it, provided that there is no 
irreversible option-extinction for future generations to rebuild a certain natural stock. Note that 
the cost of this rebuilding could be exorbitant (Pezzey, 1994; Dietrich, 1994). The actual stock 
left reflects the preferences of this generation, so that it is up to the future generations to take up 
the cost of restoration. Obviously the impossibility of restoration should be avoided even in the 
face of future generations’ willingness to assume the possibly exorbitant costs.
• Quite obviously the existence of the possibility of restoration is not much consolation if the 
agents desiring it cannot afford it: this is where the growth objective comes onto the scene. 
Growth is the irreplaceable prerequisite that will afford future generations the means to allow 
the exercise of restoration options: it is necessary to prevent rendering the existence of the 
restoration opportunity mute and irrelevant. In this light growth and sustainability will either 
flourish in unison, or else stagnate in discord (Kyriakou, 1994, p23).
1.4 Sustainable development in decision making: an integrated vision.
The economic approaches dominate the conventional debate on sustainable development, 
especially in the decision-making processes. Nevetheless, it is important to consider other 
significant standpoints which enliven the promotion of sustainable development at the levels of 
decision- and policy-making. For this purpose it is necessary to examine the most important 
environmental principles and views that shape the current tools utilized by decision makers 
facing the problems of sustainable development.
Beyond environmental, social and economic principles which shape the principle of sustainable 
development, it is necessary to explore a synthetic approach which could harmonize the 
different components into decision-making to promote sustainable development. Within the 
overall goal of sustainable development for human societies, three broad areas should be 
considered in the decision-making process (Clift et a l, 1996, 1997, 1998; see also Appendix I, 
Tab.l):
• Ecology and thermodynamics: the physical laws and relationships that shape ecosystems. 
Perspectives on this area are described as “Environmental”;
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• Microeconomics and technology: the economic relationships, structures and products that 
shape business system. Perspectives on this area can be described as “business-oriented”.
• Social, cultural issues and macro-economics: the social structures and issues that shape 
society, reflecting people’s values. Perspectives on this area can be described as “Socio­
cultural”.
• Policy: this overarching lobe involves all the previous areas and define the rules of their 
mutual position, so that spaces for sustainable development may be identified (Bonazzi, 
1998).
These areas can be envisaged as overlapping lobes: the area in which all lobes overlap represent 
the space where decision making promotes sustainable development. This means that 
sustainable development is not possible without taking into account the three areas and their 
mutual interactions, as illustrated in the following Figure 1.1.
Figure 1.1 Sustainable Development
Policy
Ecology and 
Thermodynamics
Macro­
economics
Society
Culture
Microeconomics
Technology
SD = Sustainable Development
Source: reworked from Clift, U99}-
According to this figure, Sustainable Development is the area identified: (i) within policy; 
between (ii) ecology and thermodynamics; (iii) macroeconomics, society and culture; (iv) 
microeconomics and technology. In this light, decision-making that promotes sustainable 
development must act within the overlapping area between the environmental, social and 
business-related lobes. Moving towards this objectives, decision-makers can start from different 
points in the diagram, and may move to different locations in each lobe during the decision­
making process. Sometimes it is possible to recognize trajectories which represent decision­
making patterns (Clift et al., 1996; Cowell, 1998; Cowell and Clift, 1995).
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Finally, decisions usually involve an iterative process of considering different factors and 
modifications of alternatives to arrive at a final decision. Therefore, rather than describing single 
trajectories for a decision, it can be useful to envisage a “decision space” which is overlaid on 
the lobed diagram. This describes the boundaries (or contraints) on factors taken into account 
throughout the decision making process, and is shaped by the views of those involved in 
decision making as well as the procedural characteristics of the process.
It is important to highlight that the level of interaction between these issues depends on the 
political priorities of the decision makers themselves. Sustainable development has therefore 
different scales and related dimensions, which depend on the interaction pattern between the 
spheres that are indicated in the previous figure. The overlapping area in the diagram represents 
the level of interaction between natural and man-made systems associated with the objectives to 
be fulfilled in the decision- and policy-making activities: accordingly, it represents the level of 
sustainable development chosen in this process.
As a consequence, it is necessary to focus on which level of sustainable development we are 
dealing with. For this purpose it is enlighting to describe the concept of metastability (Ingegnoli, 
1993; Bonazzi and Rivella, 1995, pp.22-25): by analogy with the differentiation between weak 
and strong sustainability, it gives a graphic idea and detailed representation of the different 
objectives, scales and dimensions through which the concept of sustainable development can be 
articulated and structured.
Text Box 1
Sustainability as Metastability ?
Sustainability can be explored from the environmental, social and business-oriented angles. New 
orientations in the ecological sciences introduce within the sustainable development debate the 
concept of threshold system, intrinsic to the ecosystems which shape environment. Environment 
is the space where the systems of natural resources are shaped and interact. These systems are 
characterized by different thresholds which define the limits of their integrity and natural value, 
identifying the dynamic equilibria that maintain them mutually interacting and surviving.
When anthropogenic pressure overtakes one of these thresholds, the system is affected by a 
degeneration of its status of equilibrium versus the remaining systems, and is displaced from its 
original degree of complexity to a lower one. This lacks the richness of the previous state, 
meaning specifically a reduction in diversity and in overall environmental as well as ecological 
quality. This is the ecological conception of metastabilitv. developed by the most recent holistic 
ecological theories: the new state coming from the man-made alteration of the environmental 
resource system is defined as "metastable", as it is characterized by lower environmental quality 
which remains in equilibrium within a limited range of man-made pressure on the environment. 
If anthropogenic pressure exceeds this range, a further degradation of the environmental system 
quality is expected, which will stabilize within another range of man-made pressure. This 
concept is represented in the figure at the end of this Text Box.
Accordingly, sustainable development can be chosen at different levels, which depend on which 
degree of environmental quality —reflecting the degree of disturbance from man-made 
systems, e.g.forest, wood, agro-ecomosaic, agricultural field, built environment— is chosen by 
society for a given scale of environmental system, e.g. ecosystem, region, country, planet. Each 
level of environmental quality is associated with a particular range of man-made pressure, which 
defines its conditions of sustainability._______________________________________________
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The simplistic example of wooded land transformed by man into agro-ecomosaic, then into 
monocultivation and passing into industrial and urban settlement examplifies this loss of 
complexity and of potential diversified uses. Each of these stages is characterized by a 
decreasing level of environmental quality, which are metastable within different ranges of man- 
made pressure. The passage of the environmental resource system from one stage to another 
takes place when man-made pressure becomes higher than the range of metastability within 
which each stage can persist. The environmental quality drops as a consequence of the rupture 
of both ecological profile and relationships.The environmental resource system then loses its 
initial characteristics and adopts those of another resource system, characterized by a lower 
environmental quality.
For example, mountain overgrazing in some parts of the Mediterranean region -such as 
Andalusia or the Maghreb- competes with potential dry farming agricultural activities and 
affects the soil integrity and nutrient availability. This definitively impoverishes the soil, which 
can then support less flora, fauna and livestock.
This could be interpreted as the displacement of the ecosystem from a higher to a lower 
metastable equilibrium; if the grazing activity burden exceeds the structural carrying capacity of 
the soil — i.e. the rupture point of the system — which depends on different geo-pedological 
and bio-climatic constraints, the land begins to experience erosion with positive feedback, 
rapidly becoming irreversible and degrading both soil texture and structure. This provokes large 
land losses upstream, while downstream it alters the suspended and stratified load of water 
courses dramatically, increasing sedimentation, which in turn causes sudden floods in the 
inhabited valley plains. This is illustrated in Figure 1.2.
Figure 1.2 Variation of the Environmental Quality (or Naturalness) with man-made
pressure
Environmental Quality (or Naturalness)
S.D.'
S.D.Metastability'
Metastability
S.D.
Metastability
S.D.: sustainable development Man-made pressure
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1.5 Sustainable development: the policy approach
Sustainable development is widely recognised as an emerging principle of international law, 
although there is no generally accepted legal definition of this term. The concept of sustainable 
development comes in many flavours, and often nebulous concepts and principles make it a 
pretty obscure entity (Reid, 1995; Clayton and Radcliffe, 1996); in analogy to a well-known 
literary masterpiece, scientists and politicians are pursuing without catching it, making it the 
"phantom of sustainability" (Bonazzi, 1998). Accordingly, the most important visions and 
perspectives from which sustainability has been interpreted are analysed here, together with the 
most important concepts, principles and tools which are related to it.
The emphasis on this concept is growing in recent years, since environmental issues, together 
with health care policy issues, are probably the thorniest cases of market failures, inviting both 
natural and social scientists to provide substantial contributions for their exploration. References 
to sustainable development are being included in trade agreements as an overarching policy 
goal. For instance, the treaty that established the European Community (Treaty of the EC, 1992) 
provides in its article 2:
“The Community shall have as its task...to promote throughout the Community ...sustainable 
and non-inflationary growth respecting the environment,... ”
The preamble to the North American Free Trade Agreement (NAFTA) states that one of its 
primary purposes is to:
“Contribute to the harmonious development and expansion of world trade...in a manner 
consistent with environmental protection and conservation; ...promote sustainable 
development;...strengthen the development and enforcement o f environmental laws and 
regulations. ”
The "Uruguay Round" Agreement establishing the World Trade Organization (WTO) includes 
specific references to the objective of sustainable development and to the need to protect and 
preserve the environment:
“Recognising that their relations in the field of trade and economic endeavour should be 
conducted with a view to raising standards of living; ...while allowing for the optimal use of the 
world’s resources in accordance with the objective of sustainable development, seeking both to 
protect and preserve the environment and enhance the means for doing so in a manner 
consistent with their respective needs and concerns at different levels o f economic 
development. ”
International environmental law is not as v/ell developed as international trade law (Weiss et al., 
1992), generally embodied in the General Agreement on Tariffs and Trade (GATT) and 
embedded in the institutional framework of the new World Trade Organization (WTO). A 
number of agreements and treaties develop international environmental law in a very fragmented 
way, and there is no single institution which administers this law.
Historically speaking, the UN Conference on Human Environment held in Stockholm in 1972 
(United Nations, 1992) initiated a new global and cooperative approach to the protection of the 
environment. Since then, international law has being developed rapidly and is not yet clearly 
defined. Furthermore, principles have emerged and identified as "soft law", i.e. not legally 
binding, characterised by judicial values which remains uncertain. Their sources are resolutions, 
recommendations and declarations issued by international organizations such as the UN 
Environmental Programme (UNEP), the World Health Organization (WHO) or the Organization 
for Economic Cooperation and Development (OECD).
The acts adopted at the UNCED conference (Rio Declaration, 1992), particularly Agenda 21 
and the Rio Declaration, have helped to form these various principles and concepts into an 
increasingly comprehensive set of environmental principles for guiding the international 
community towards sustainable development. However, these environmental principles and 
concepts vary widely in their degree of acceptance, and are still evolving: only a few of them are 
becoming legally binding. Many others are cited in international agreements but have no 
independent legal status, while others are still a source of debate.
Environmental principles serve many purposes, notably having legal, economic and ethical 
implications, but are essential in framing the debate at policy-making level for shaping future 
environmental, socio-economic and political world dynamics.
1.6 Decision-making in sustainable development: environmental principles 
and techniques
The Polluter Pavs principle leads a first group of conceptual approaches aiming to monetize 
the environmental burdens related with goods and services. It has been adopted by the EC 
Treaty and by article 16 of the Rio Declaration, and is used to allocate the costs of pollution 
prevention and control to those responsible. It aims to encourage the rational use of scarce 
environmental resources and should not be accompanied by subsidies, so as to avoid distortions 
in international trade and investment. Finally it concerns who should pay, but not how much 
(OECD, 1972; OECD 1975; Treaty on the EC, 1992, art.l30R(2)).
The principle of internalisation of environmental costs implies that market prices should reflect 
the environmental costs of the production and use of good and services in terms of natural 
resources utilization (OECD, 1995). This is a focal point for ecological economics, which 
underlies the conceptual and analytical work of resource pricing, costs and benefits, and "green 
accounting" methods. Environmental costs -referred to as "externalities"- are largely related to 
the provision of public goods, are often unaccounted in market transactions, and rarely included 
in the decision-making process because of the difficulty and uncertainty of establishing 
monetized figures.
Attempts are being developed to internalise environmental costs in the prices of goods and 
services. One approach is to rely on contingent valuation methods to assess societal willingness 
to pay for environmental benefits and/or to accept environmental degradation. Another approach 
-  although substantially very similar and often incorporating contingent valuation- is based on 
the total economic value, which aims to assign use and non-use values to environmental assets, 
including direct and indirect use values, as well as existence and option values. New accounting 
systems would include in the calculations of gross domestic product (GDP) the costs of 
environmental protection efforts as well as the savings yielded by preventing ecological damage 
and preserving these different environmental values; then GDP ceases to be described in its 
usual form and is interpreted as the Index of Sustainable Economic Welfare, i.e. ISEW (Eisner, 
1985; Nordhaus and Tobin, 1972; Daly and Cobb, 1989; more details can be found in the 
preceeding section 1.3). Although frequently mentioned, the use of such economic instruments 
in environmental policy as taxes, charges or tradeable permits seem to governments rather 
difficult to manage, especially for transboundary resources and common goods.
The User Pavs Principle is directly derived from the previous approach, aiming to internalise the 
environmental costs at consumer level, as well as having producer costs passed through to 
product price (OECD, 1995).
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The Precautionary Principle leads a second group of conceptual approaches aiming to 
optimize environmentally sound performance, recognising that scientific certainty often comes 
too late to design effective environmental policy responses. The formulation based in principle 
15 of Rio Declaration warns that lack of full scientific certainty should not delay cost-effective 
measures to prevent environmental degradation which threatens serious or irreversible damage.
One view of this principle is that it is a reversal of the burden of proof. That is, the polluter or 
resource user bears the onus of proving his activity is not harmful to the environment before he 
can proceed. Dealing with uncertainty requires decision-making strategies based on risk 
assessment and management, and the Precautionary Principle favours erring on the side of 
aversion.
The concept of Risk Management involves assessing an environmental risk or potential 
environmental impact and making decisions based on that assessment, aiming to minimise risks 
to human health and the environment. It has been defined by the US National Academy of 
Sciences as the process of regulatory action, integrating the results of risk assessment with 
engineering data, with social, economic, and political concerns to reach a decision.
The process is based on identification of hazards, estimating their extent and probability, 
ascertaining the acceptability of that level of risk, and shaping decisions to reduce the risk to the 
appropriate level. The real problem of this methodology is associated with setting levels of risk 
that are acceptable for both environment and society (RCEP, 1997). This is usually a subjective 
process relying on experts to determine actual risk and the political process to define its 
acceptability threshold.
The extrapolation of risk from a small model to an entire society is a difficult undertaking with 
many opportunities for misjudgement: the level of risk could vary with the noxiousness of the 
particular hazard in question, which is subject to scientific analysis, and the risk tolerance of 
society, which may be more political than quantifiable. For these reasons implementation of this 
principle is so difficult because of the intangible nature of risk acceptability. It is important here 
to underline that the economic approaches can not really provide satisfactory visions to 
overcome these criticisms.
Pollution Prevention is an environmental management approach which places emphasis on 
process and product changes which should lead to pollution reduction and/or prevention by the 
introduction of clean-up technologies or clean technology (UNEP, 1990). Therefore clean 
technologies are systems based on the principle “less is better”, characterised by minimal 
releases to water, air and soil, which are allowed by the Best Available Technology (BAT). This 
approach predates global systems aiming to prevent pollution by acting throughout the entire life 
cycle of the product and production processes (i.e. Life Cycle approach). The concept of critical 
load is subject to much controversy and uncertainty, as it refers to specific levels of tolerance of 
the environment for a particular pollutant, beyond which irreversible damage would likely 
occur.
Environmental Impact Assessment (EIA) is a process -  more than a “tool” -  for examining, 
analysing and assessing proposed activities in order to minimise environmental degradation and 
maximise the potential for environmentally-sound development (OECD, 1995).
The EIA process should ensure that government authorities have fully identified the 
environmental effects of proposed activities, as well as alternatives that avoid or mitigate 
environmental burdens; furthermore, it can provide citizens with the opportunity to develop their
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views and express them to decision makers. Many international environmental instruments now 
require some form of EIA for projects: these include the Rio Declaration, the Biodiversity 
Convention and the World Charter for Nature (OECD, 1995). Similarly EIAs are recommended 
for assessing potential environmental harm to the global commons.
The EIA methodology has been traditionally applied to particular projects: attempts are being 
made to extend this approach to assess the environmental effects of policies, so-called strategic 
environmental impact assessment, i.e. SEIA (Bonazzi and Rivella, 1995): the idea that trade 
policies should be subject to some type of environmental review is gaining consensus, and this 
would identify the broad ecological implications of different trade approaches and what types of 
mitigating measures might be put into place to minimise environmental damage.
Life Cvcle Assessment (LCA). The concept of Life Cycle Assessment marks the evolution of 
environmental management practises from conventional end-of-pipe solutions to the 
development of integrated environmental approaches intended to encompass the entire life cycle 
of a product. The Society of Environmental Toxicology and Chemistry (SETAC) defines life­
cycle assessment as:
“an objective process to evaluate the environmental burdens associated with a product, process 
or activity by identifying and quantifying energy and materials used and wastes released to the 
environment, to assess (their) impact.... and to evaluate and implement opportunities to effect 
environmental improvements. The assessment includes the entire life cycle of the product, 
process, or activity, encompassing extracting and processing raw materials, manufacturing, 
transportation, and distribution, use, reuse, maintenance, recycling, and final disposal".
In this light, the LCA methodology is a system approach targeted to assess the entire life cycle 
of the product, process, or activity: it is articulated in a "one plus three" phase system:
•The first phase is LCA scoping: the definition of the LCA targets, which is typically the 
comparisons of alternative processes or products, through their economic and environmental 
costs.
• Inventory Analysis, the most advanced phase and similar to eco-accounting, is fundamental for 
the quality of the information: this phase is intended to record relevant data concerning energy 
and materials required in the production process, as well as wastes, effluents and emissions 
produced. It aims to quantify resources used and wastes generated in order to improve specific 
environmental performance characteristics, including the identification of areas of process or 
product design in which resource requirements can be reduced.
•The phase of Impact Assessment is closely associated with Environmental Impact Assessment 
(EIA) approaches. It is intended to assess the overall impact of a product and its production 
chain. This could encompass human health, environmental, natural resource and cultural 
repercussions. This phase is split into three steps: Classification, that groups the data from the 
Inventory into a number of effect or impact categories, Characterization, which aggregates the 
data within each category (through equivalence factors), and Valuation of the impacts.
•The last LCA phase is Improvement Assessment, which aims to apply the data gathered from 
the inventory and impact analysis stages to introduce improvements in the production process or 
product design, in order to minimise environmental burdens associated with energy, raw 
material use and waste emissions. This phase may detect which life stage of the product is more 
impacting according to some criterion developed from the previous impact analysis, thus 
allowing the optimisation of specific product life stages.
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While LCA is still at an early stage of development, it already has important implications for 
eco-labelling, eco-packaging and recycling. Although the eco-labels are voluntary instruments, 
they can have heavy implications on future world trade dynamics, even if at this level 
requirements for the recyclability of products or producer responsibility for the management of 
end of life products are difficult to implement.
LCA deals with an enlarged concept of environment including also socio-economic and cultural 
dimensions, which are often regional in character. Site-specificity is probably the most 
important gap contrasting with the global approach of the methodology, although it could 
become a significant methodological comparative advantage.
The advantage of LCA methodology is set by its flexibility in organizing complex problems, 
focussing on the relationships between interacting systems. This is the very bottleneck in the 
overall debate around sustainable development, as the interactions and repercussion of human 
and environmental processes have a progressively globalizing scale.
1.7 Sustainable development: working definition, overall methodological 
framework and plan of the study
From the previous analysis, it is clear that to go beyond obscure and nebulous visions for 
sustainable development is an imperative: accordingly, it is necessary to identify the principles 
on which a general consensus has been reached (Reid, 1995; J&MfbM M  , 1996). In
this light, three key-issues for sustainable development have been identified, in the absence of 
which sustainability seems to remain a phantom. These are the holistic approach, different scales 
of sustainability and the importance of equity.
The process of triadic globalization is considered in the perspective of sustainable development: 
it means the progressive concentration of the largest share of world economic resources in the 
three dominant economic poles (i.e. EU, US and Japan), which leads less industrialized societies 
to be progressively excluded from the most profitable phases of economic activity, i.e. to be 
marginalized. Thus sustainable development has major implications for the "question of 
development", as it is based of the concept of equity.
In this light, sustainable development has been identified by the author as a system approach to 
organize the sustainable interactions between natural and man-made systems (Bonazzi, 1998). 
Accordingly, the operational definition of sustainable development has been sketched out by the 
author, as "the patterns by which human societies organize production activities in a renewable 
and equitable way utilizing natural, social, economic, human and cultural resources". to express 
what sustainable or "intelligent" technology is1 expected to deliver (Bonazzi, 1998).
Emerging from this process, a new vision for a consistent methodological framework for the 
assessment and implementation of sustainable development has been set up, i.e. a tailor-made 
system approach. In fact, a methodological approach dealing with sustainable development must 
be holistic, as becomes clear from the failure of the "sectoral" concept of development. 
Accordingly, the approach should involve the natural and man-made systems in an equitable 
way, and should be sufficiently flexible to accommodate the different sets of the incomplete 
knowledge which may be considered.
This points to the need for management tools that can compare the impacts of alternative practices 
and types of production, highlighting the trade-offs in social, economic and environmental impacts.
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Although some research has been undertaken on this task in the last few years (e.g. Audsley et al., 
199?), there has been very little research on combining this tool with assessment of social and 
economic impacts. An approach which has been termed "Social and Environmental Life Cycle 
Assessments" (i.e. SELCA; O'Brien et al, 1996) addresses the different but related methodological 
problem of the socio-economic processes which structure the Life Cycle.
The need for such assessment tools has been identified in ‘Towards Sustainability - A European 
Community Programme of Policy and Action in Relation to the Environment and Sustainable 
Development" (EC, 1992):
"There is growing awareness by enterprises that industry's own interest is at stake: increasing 
demand for clean technologies and products will create new market opportunities, with particular 
advantages for innovational companies; industry also sees the advantages in terms of savings on 
resources and energy, where environmental considerations are integrated into management policy. 
Nevertheless it remains for the Community and the Member States to determine the framework and 
conditions for sustainable development."
"Policies should be developed in a way which will also serve to facilitate consumers in making 
informed choices on the basis of safety, quality, durability and general environmental implications 
... In order to gain, and retain, the confidence of consumers, environmental claims must be well 
founded and be accompanied by neutral information regarding the characteristics of products."
"A new sense of direction and thrust will be given to the environment/industrial policy by the 
institution of a comprehensive, integrated "package" of measures, including existing provisions, 
comprising the following elements: ... improved management and control of production processes 
including a system of licensing linked to integrated pollution prevention and control, environmental 
auditing, effective environment valuation and accounting, use of best available technology, and 
introduction of market-based pricing system for consumption and use of natural resources."
In this light, it is necessary for sustainable development to identify approaches able to explore the 
multiple and multidimensional benefits and costs in addition to specific products. These additional 
benefits and costs are related, amongst other factors, to employment, environment and culture. In 
terms of policy-making, the need is to secure a better match between production and its multiple 
functions as perceived by consumers and industry. Accordingly, the question of sustainable 
development -which is considered a synonym of sustainability- is clearly leading the investigation 
towards approaches which can integrate socio-economic and cultural with environmental and 
technological issues.
Accordingly, the analysis of sustainable development must also consider the impacts both 
upstream and downstream of the immediate products, processes, policies or activities of interest, 
in other words they must be based on “life cycle thinking.” It therefore requires attention to:
-  Identification and, where appropriate, development of appropriate measures of socio­
economic, cultural and environmental factors
-  Development of a system approach incorporating these factors that can be integrated within 
existing decision-making processes (see, for example, Cowell, 1998).
At this point it is possible to outline an overall structure of the study which implements these 
principles. An overall plan of the study, articulated in three parts, is provided together with a 
bullet-point summary in the following Text Box 2 and Figure 1.3.
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Text Box 2 Overall plan of the study
Title: SUSTAINABLE DEVELOPMENT IN THE MEDITERRANEAN:
PROSPECTS FOR THE OLIVE OIL INDUSTRY
Part I. The objective is to provide the framework for the study: identify key-issues of 
sustainable develoment and provide a consistent methodology to assess it in the Mediterranean.
♦ Overview of the main principles, visions, definitions and tools related with sustainable 
development. Operational definition and consistent methodology, i.e. tailor-made system 
approach, are developed.
♦ Identification and exploration of the issues most relevant to sustainable development in the 
Mediterranean, i.e. natural, economic and human resources. The Euro-Mediterranean 
policies of cooperation are analysed as a major tool of the EU to promote sustainable 
development in the Mediterranean. The most important bottlenecks, gaps, prospects and 
scenarios are explored.
♦ Strategic productive activities for cooperation are identified, i.e. the agro-food sector and the 
olive industry: socio-economic, technological and cultural profiles are analysed. Only 
consistent policies can promote a sustainable olive oil industry.
Part II. The objective is to analyse a major driver for sustainable development o f the olive oil 
industry, i.e. its market prospects. As a part of the oilseed complex, the most important market 
forces, dynamics, prospects and scenarios are explored.
♦ The main patterns and drivers of demand and supply in the oilseed complex are analysed. 
Literature, mathematical and expert-based modelling are used to identify expected scenarios.
♦ As a part of the oilseed complex, the world demand and supply of olive oil are analysed. 
Market and technological market forces, dynamics, prospects and scenarios are explored. It 
is concluded that only policies oriented to promote cooperation between poorer and richer 
olive oil producing countries can promote sustainable development in the Mediterranean.
♦ Nevertheless, market and technological prospects are not sufficient per se to guarantee 
sustainable development: environmental, social, historical and cultural issues must be 
considered in policy-making.
Part III. The objective is to analyse a case study -the Andalusian olive oil industry from a 
holistic perspective-. Socio-economic, technological, environmental, historical and cultural 
issues are considered in a tailor-made system approach to outline consistent policies.
♦ The most important issues of Andalusian olive industry are explored, i.e. history, economy, 
environment, technology, society and culture.
♦ A tailor-made methodological framework is developed to analyse their role to promote 
sustainable development. New issues are explored, e.g. analysis of human geography, rural 
environment, ecosystems and landscape. A dedicated field study is developed.
♦ Good market and technology prospects have allowed current policies to fulfill only few 
objectives of economic development, but have induced major negative impacts on 
environment, jobs, culture and landscape. Expected policies to promote sustainable 
development must be shaped by considering them in a broader perspective.
Conclusions: Sustainable Development can be promoted only by considering 
the crucial relationships between natural and man-made systems.
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Figure 1.3 Overall plan of the study
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As the overall objective of this study is to contribute to promoting sustainable development in 
the Mediterranean, a system approach is required to respond to the definition of sustainable 
development examined above. Accordingly, different scales of analysis are considered, which 
reflect the scales of sustainable development to be taken into account. As the scale of the 
analysis becomes more specific, its implementation is deepened. Therefore the study covers 
three different levels of analysis, starting from general and deepening to the specific. The study 
starts with the analysis of the Mediterranean region, where the challenge to promote sustainable 
development is set up and the particularly difficulties are identified.
I. After having explored the main issues of sustainable development, the first part of the study 
explores selected aspects of the Mediterranean region which have most significance for 
sustainable development, e.g.demographic and socio-economic dynamics. The Euro- 
Mediterranean policies for cooperation are identified as pivotal in promoting sustainable 
development; representing the regionalization response of the EU to offset some of the negative 
effects of globalization. The incorporation of social, environmental and cultural objectives as 
dimensions of economic development is explored, as well as the new and crucial role 
technology should perform. The main gaps and prospects presented by this emerging common 
space are analysed: the agro-food industry is identified as a strategic area for cooperation, 
because of its relevance in providing food and jobs in marginal and poorest areas -which are 
often important sources of migration- and for its impact in employment, environmental and 
cultural preservation. Emerging from this analysis, a new role for technology is explored: it 
should simultaneously promote Euro-Mediterranean cooperation and sustainable development.
II. In this light, the second part of the work identifies strategic areas for cooperation, i.e. the 
agro-food industry, the largest employer industry, which is much exposed to competition from 
more efficient world producers in the global market. Within the agro-food industry, the 
vegetable oil sector is identified as one of the most promising, as it is expanding worldwide. 
These developments represent a very important chance for achieving the Euro-Mediterranean 
objectives of sharing employment and sustainable growth all around this area. In fact, nearly all 
the world’s olive oil is produced and consumed in the Mediterranean region, three quarters of it 
in the EU. However, driven by the growth in worldwide demand, non-EU olive producing 
countries of the Mediterranean region could benefit from this new opportunity for growth, 
reducing both poverty and migration, but they might become competitors of the EU producer 
countries. Finally, olive oil is explored as a potential key-activity for the market-based cohesion 
objectives set up for the Euro-Mediterranean area of cooperation. The scope for both 
technology and promotion to alleviate the existing gaps are examined.
III. The third part of this work is dedicated to the case study of Andalusia, the biggest olive oil 
producing region in the world. The challenge of sustainable development is explored by 
investigating socio-economic, environmental, technological and cultural changes in order to 
achieve a better understanding of their mutual interactions and implications. At the same time, 
the analysis aims to identify the prospects offered by new technologies to foster sustainable 
development, utilizing natural, economic, human and cultural resources both on a democratic 
basis and in an equitable way. In this light, it is clear that the analysis will look at all the 
appropriate space- and time- scales associated with sustainable development. Detailed 
description of the methodological framework used is provided in Part III.
Finally, this analysis contributes to developing and implementing the concept of system 
approaches, at society, economy, environment and culture levels, in order to outline and explore 
policy scenarios to foster sustainable development.
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2. The Mediterranean region
The analysis o f the principles and tools for promoting sustainable development has emphasized 
the importance o f the different scales and dimensions of sustainable development. Accordingly, 
starting from a general overview of the Mediterranean region, the most relevant issues for 
sustainable development are identified and explored: selected aspects o f natural and human 
resources, technological and socio-economic systems, culture and environment are analysed, 
with a specific focus on the Euro-Mediterranean policy. This last is examined as a major driver 
to promote sustainable development and offset the negative effects o f globalization: main 
problems, gaps, prospects and scenarios are identified. Cooperation between richer and poorer 
countries is identified as the key-issue for sustainable development. For this purpose, strategic 
production activities are identified, i.e. the agro-food sector, and a key-industry is identified and 
analysed, i.e. olive oil.
The Mediterranean is a region with very peculiar characteristics, which make it unique and 
extremely complex in territorial and human terms. Since very ancient times, important human 
settlements have exploited its resources, determining its current physical characteristics: despite 
the fact that the countries surrounding the Mediterranean basin represent a wide range of size, 
population, environmental resources, economic development, political systems and cultural 
patterns, they are strongly interdependent, share many common problems and belong to an 
integrated regional system which is fragile and overexploited. The traditional equilibria are 
being destroyed and should be protected: the environment is intrinsically very vulnerable as the 
natural resources are often overexploited (biodiversity, water and soil). The population is 
rapidly increasing, impoverishing and urbanizing, but asymmetrically, following the socio­
economic disparity between the Mediterranean rims. The demographic pressure on physical 
space exacerbates both environmental and social problems, undermining the democratic 
processes and inducing migration pressure, especially toward the EU. During the last years 
political, economic, social, technological, human —in sum, historical— factors have widened 
the gap between the northern and southern rims of the basin. One of the most important factors 
has been the integration of southern European countries into the EU, to promote a larger and 
dynamic area of economic development.
In this light, UN, FAO, OCDE, UNEP, the European Council and several authoritative 
international research centres highlight the environmental and socio-economic degradation of 
the Mediterranean region, summed up in the Med 21 Agenda and Tunis Declaration (Conference 
of Tunis, 1994). These documents identify the most significant constraints and bottlenecks for 
sustainable development, as well as the most urgent actions to promote its achievement. An 
important alert horizon has been identified at medium term (2010-2015): a strategic approach is 
necessary to promote concerted actions to reduce the pressure on the most vulnerable areas.
This needs a long term and continuous action plan, aiming to achieve the sustainable co­
development of the whole basin. In this light, a new paradigm has been defined by the EU, 
called Euro-Mediterranean policies for cooperation, which represents the response of the EU to 
sustainable development requirements in the Mediterranean region. The objective i\ & promote 
security and prosperity in the region, sustaining the growth of competitive economies in 
harmony with preservation of environmental resources: the problem of poverty is highlighted as 
fundamentally linked with environmental degradation, demographic growth and migration of 
populations. Accordingly, socio-economic growth is a pre-requisite for the development of the
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Mediterranean regions provided that it flourishes in harmony with fragile environmental 
equilibria, where water management, soil and biodiversity preservation are fundamental. For this 
purpose the olive oil industry is selected from agro-food activities as a focal point, because if its 
major influence in job, environmental and cultural preservation.
2.1 The physical profile
The Mediterranean climate is the most important feature of the whole region, characterised by a 
long dry and mild winter season and by a hot summer season. The average of the daily minimum 
temperatures in the coldest month (January) is between -15° and +15°, while the average of the 
daily maximum temperatures in the hottest month (July) is between +15° and +45°. Rainfalls, 
although regionally very variable between 50mm and 3000mm,^mostly concentrated in the 
winter, often violent and soil-eroding. By contrast, the dry summer season can last several 
months. It is possible to outline a bioclimatic differentiation of the Mediterranean region: 
detailed data are given in Appendix I, Tab.l (Le Houerou, 1991). It is necessary to introduce the 
concept of aridity index, the ratio between rainfall and potential evaporo-transpiration: this latter 
is regionally variable (600-2000mm), because it integrates geo-climatological and biological 
parameters such as temperature, rainfall, insolation and vegetal cover.
The geomorphology of the Mediterranean region is very variable and influences water 
availability. Water is the most limiting factor for the Mediterranean ecosystems and agro­
ecosystems, and a clear gap exists in the water availability per inhabitant between the northern 
(4500m3/year) and the southern rim (1000m3/year). Water resources are often overexploited, 
and the depletion of the aquifers is beginning to affect fossil resources in Libya and Israel, while 
in Egypt, Tunisia and Spain the same trend is expected. The exploitation index (El), calculated 
as the ratio between the human consumption of global water and the average fluty of renewable 
water, pinpoints the gap existing between the two rims of the Mediterranean region. Agriculture 
itself accounts for more than 75% of the total water use in most of the countries of the basin. 
Detailed data are provided in Appendix I, Tab.2.
Globally, the Mediterranean region shows high variability and contrasts, in its seasonal 
climatology, the contrasts between eroded mountains and flooded plains, between the desert 
areas and luxurious oases, between the overpopulated coasts and the abandoned inland. 
Accordingly, it is clear that sustainable development must incorporate site-specific 
considerations.
2.2 The human resources
Demographic growth will probably have the most important repercussions on the expected 
development of the whole Mediterranean region. It is likely to remain in line with the world 
demographic growth. Detailed data are provided in Appendix I, Tab.2.2.1, Fig.l. Once again the 
gap between the two rims of the basin is clear. Complete information on population growth in 
the Mediterrenean countries is provided in Appendix I, Figs. 2 and 3. The demographic growth 
for the horizon 2025 is expected to be very much higher in the Southern and Eastern 
Mediterranean Countries (SEMC) than in the European Mediterranean Countries (EUM). Italy is 
expected to have negative population growth over the horizon to 2025, while Syria and Libya 
will witness the highest growth rate for the same horizon and Turkey will witness a decrease of 
the demographic growth rate. Detailed figures are given in Appendix I, Figs. 40 and 41.
This means that the demographic growth will follow the world population increase until the 
horizon 2000; from that year it seems to slow down, but it will not stabilize before 2025 
(Appendix I, Fig.l, 2, 3). The same pattern foresees a stabilisation of the world population at
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about 12 billions in the second half of the next century (Plan Bleu , 1989). The scarcity of agro­
food resources by that year will exacerbate the problem arising from the new labour forces 
coming into the job market, especially in the southern and eastern rim of the basin, where the 
population is expected to become in 2025 more than double the population of the northern rim, 
where the opportunities will remain relatively better. This is exactly the opposite of the ratio 
observed in 1950. Detailed estimates of demographic growth over two intervals of time, i.e. 
1950-1990 and 1990-2025, are provided in Appendix I, Fig.4 and Fig.5 respectively.
Overall, the Mediterranean region is expected to witness the phenomenon of the demographic 
transition, i.e. the demographic pattern shift from strong to weak fertility and mortality rates 
(Figure 1.4).
Figure 1.4
Demographic growth in the Mediterranean
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It is possible to outline three groups of the countries of the Mediterranean region according to 
their expected demographic increase (Hervieu, 1993).
Sub-region A: Spain, France, Greece, Italy, Portugal (EUM)
The population growth rate in these countries is clearly lower than in the other sub-regions. In 
the year 2025, subregion A will account for 36% of the basin population (52% in 1985).
Sub-region B: Algeria, Egypt, Libya, Morocco, Syria, Tunisia, Turkey (developing SEMC)
The population of this subregion will double by 2025, accounting for 60% of the basin 
population. Two demographic giants will be Egypt (162 millions), and Turkey (105 millions). 
The whole region will witness a population increase between 50% and 92% up to the year 2025. 
In Syria and Libya, population will increase from 2,5 to 3,0 times for the same horizon (Gizard, 
1993).
Sub-region C: Cyprus, Israel, Lebanon, Malta (remaining SEMC)
The demographic growth will be moderate, similar to but smaller than the sub-region A 
countries. Accordingly, the migration dynamics are going to change, as the southern EU 
countries will become more alluring for the population of other Mediterranean countries, 
especially those more qualified and with a certain education level. The Gulf countries and Libya 
will experience a crisis of their traditional role of guest countries. Finally, 15 million migrant
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workers will move all around the Mediterranean, and this trend will mount further in the 
subsequent years.
Another related dynamic in the population structure is represented by its littoralization: 58% 
lives today in urban areas, but this share will increase to 80% in 2025; the southern and eastern 
Mediterranean countries will witness a five-fold urban growth increase compared with the 
highest rate registered in EU towns. The consequent "littoralisation", into conurbations along the 
coast (now 135 millions), will concentrate 37,5% of the basin population in 15% of the total 
area, i.e. around 210 million. Over the 2025 horizon SEMC population will double current 
values, becoming almost equal to the population of the fifteen EU countries (Figure 1.5).
Figure 1.5
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Demographic growth, restructuring of the population equilibria, mobility, and littoralization will 
define the future population dynamics of the Mediterranean region during the next 20 years.
In this light, job creation and food availability emerge as strictly inter-linked concerns. In the 
southern and eastern rims of the Mediterranean alone, the working population should increase 
by about 50 millions during the next 15 years, with 50 million more during the following ones: 
therefore those entering the job market will be much more numerous than those leaving it until 
the year 2020.
Accordingly, the increase of the labour force supply relatively to 1990 will be 80 millions in 
SEMC and about 10 million in the EU15, to the horizon 2020 (European Commission, 1994a, 
Figure 1.6).
This gap also reflects the disparity in education and training levels between the two rims: the 
pattern training-employment-development in the northern rim is experiencing a deep crisis, 
mostly due to the promotion of intensification and “productivist” production patterns. The 
agricultural sector, where this trend is being explicitly followed by most EU countries, will be 
the most affected: during the next 10 years more than 5 million workers will leave the
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agricultural job market, while in the non-EU Mediterranean countries the situation could be even 
worse.
Figure 1.6
Increase of the labour force supply in SEMC and EU
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Source: data reworked from European Commission, 1994a and EUROSTAT 1995.
In spite of the projected concentration in coastal conurbations, the rural population will actually 
go on growing in absolute terms. If agriculture will not be able to absorb at least the population 
increase, another economic sector do so. Accordingly, the pivotal role that agricultural
production patterns should have in the Mediterranean region is clear: their crossroad-functions 
and fragility could destabilise the vulnerable socio-economic equilibria between the EU and 
non-EU rims of the region, jeopardizing the EU targets of creating new multilateral, shared 
frameworks for cooperation in the whole region.
2.3 Two Mediterraneans: bottlenecks and potentialities for . cooperation
Despite the shared identity and common problems coming from the interdependency of its 
countries, the Mediterranean region can be divided into two groups of countries, between which 
political, demographic, socio-economic and cultural disparity tend to widen: the EU (EUM) and 
the southern and eastern Mediterranean countries (SEMC). It is necessary to analyse their 
present characteristics to sketch both the "trend" and "active" scenarios which will be explored 
subsequently (Europe Commission, 1994a).
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A first rough analysis of GDP per capita highlights the disparity between the two rims. Detailed 
data of GDP adjusted on purchasing power comparison (PPC) are presented in Appendix I 
(Tab.2.6.1 and Fig.6). Although corrected for purchasing power, the average income in the EU 
of 12 and 15 member states -  respectively in the years 1991 and 1994 -  is 3 to 4 times greater 
than the corresponding value in SEMC. It is important to split from the SEMC those whose 
economic level is closer to that of the EU, i.e. Israel, Cyprus and Malta, to show the figure for 
the developing SEMC. Detailed data are listed in Appendix I, Tab.2.6.2.
2.3.1 The EU Mediterranean countries (EUM): profiles, problems, scenarios
The European countries of the Mediterranean region can be divided into two sub-groups, on the 
basis of their common profile: a Mediterranean tradition, a fragmented area with scattered major 
urban centres, a very fragile environment and a sharp division between the coastal and inland 
areas:
- The Latin Rim, comprising the coastal regions from Andalusia in Spain to Lazio in Italy, 
together with the Baleares, Sardinia and Corsica;
- The Central Mediterranean, comprising the southern regions in Italy (i.e. the so-called 
Mezzogiomo) and the whole of Greece, which represents a more peripheral area.
The whole Mediterranean region and especially the Latin Rim sub-group is fragmented by 
mountains and sea, and the development patterns vary significantly. Several models are 
recognizable in the Latin Rim.
-Andalucia is structurally under-developed, but this is being mitigated by a national policy of 
infrastructural improvement promoted from Madrid. A clear dichotomy between declining and 
high technology sectors still remains.
-Valencia and Murcia are characterised by the contrast between development and under­
development, isolationism and dynamic industry, also affected by severe infrastructural and 
ecological problems.
- Catalonia is the major force in the Spanish economy; it is facing serious problems of industrial 
restructuring, responding through technological diversification.
-The French coastal areas are marked by high flows of tourists, migrants and goods throughout 
the region, with a marked dichotomy between high tech and low skill activities.
-The Ligurian corridor, focussed on northern Italy, is encountering difficulties in restructuring 
traditional industries and tourism.
-The Tuscan and Umbrian model, with a dense urban system, is characterised by a self- 
sustaining development based on small and medium enterprises, trade and tourism.
-In Lazio development is essentially concentrated around Rome, while the surrounding region is 
basically satellite.
-Each island constitutes a special case, relying primarily on tourism (Baleares) or on SMEs 
(Sardinia).
The Central Mediterranean is more homogeneous, having common characteristics such as the 
dominance of services and agriculture, a weak industrial base and development which seems to 
be blocked, where a few large public enterprises contrast with a large number of very small 
firms.
2.3.1.1 Territorial fragmentation, demographic disparity, ecological fragility
In both groups of regions agriculture employs nearly 20% of the working population, 
concentrated in small holdings: only a few islands of modernization, concentrated in the agro­
food sector, are present, primarily in Spain. In the Mezzogiomo the agro-food sector, not yet
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modernized, is strategically placed to exploit the agricultural produce of Puglia and Campania. 
The unbalanced urban system is the other facet of the territorial fragmentation: disparities in 
population density between coastal and inland areas are manifested in large conurbations which 
have failed to stimulate development in neighbouring areas.
Communications are unevenly developed in the region: there is a general lack of infrastructure 
and congestion of much of the road network. Although there are a great many small and medium 
sized towns, they are generally poorly equipped with few facilities. In the Latin Rim Barcelona 
and Rome have capital status, while Florence, Genoa, Marseilles, Valencia and Seville are the 
other large cities. In the Central Mediterranean Athens, Thessalonika, Palermo, Catania and 
Naples are the major cities.
This disparity between the coast and inland areas, as well as within the coastal area, exacerbates 
the anthropogenic pressure over the fragile Mediterranean ecology. Loss of biodiversity and 
natural habitats escalates with soil erosion, pollution and forest fires.
2.3.1.2 Trend developments and alternative scenarios
In this section current trends and possible actions to be implemented to alleviate these problems 
are analysed. Accordingly, trend developments and a desirable active scenario (i.e. oriented to 
cooperation and sustainable development) can be identified. If current trends continue, the Latin 
Rim is likely to become more peripheral and more dependent on the main economic centres of 
activity elsewhere in the EU. Six growth centres are likely to increase their significance and 
influence on the surrounding Mediterranean regions: Barcelona, Florence and Rome within the 
Mediterranean basin, and Lyon, Milan and Turin outside it. The expected economic 
development is centred on services, consumer goods and the agro-food industry, while the rural, 
inland areas are likely to continue to decline. The Central Mediterranean region is likely to 
continue to be fragmented, especially if conflicts in neighbouring countries persist, jeopardising 
economic cooperation. Overall, the economy is expected to become less competitive in relation 
to the rest of the Union unless there is a sharp break from past trends. Disparities are likely to 
increase and the environment is going to deteriorate f u r t h e r .
In order to overcome the problems arising from the continuation of current trends there are three 
broad areas in which action needs to be developed.
1) The fragmentation of the Mediterranean region needs to be alleviated, and its economy has to 
be strengthened.
The fragmentation and related economic problems should be faced through improvement of the 
links between coastal and inland areas, supporting existing areas of modernisation and 
improving mutual accessibility. Special attention should be devoted to the most dynamic parts, 
expanding the islands of growth (Bari, Athens, Thessalonica and Seville) and encouraging small 
businesses in the less developed areas, especially in industrial districts,through the establishment 
of innovative firms and increased trade with other countries in the region.
2) Further environmental deterioration has to be prevented.
The environmental policy, through the Barcelona Convention and the UNEP Plan Bleu, has to 
promote cooperation between the countries in the Mediterranean region in management of the 
coast, urban areas, water reserves and the sea, soil and forest conservation.
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3) Trade and other relations with other EU and Mediterranean regions have to be advocated.
A key-point of an active strategy has to be improvement of the links between the Mediterranean 
and both other regions within EU and neighbouring Mediterranean countries outside the EU. 
The main active and specific action should be to strengthen the cooperation between southern 
Spain and Morocco, Greece and Italy with central and eastern European countries, between Italy 
and northern Africa, encouraging Greece to become less peripheral and develop a growing link 
role between the EU and eastern and south-eastern Mediterranean countries.
2.3.2 Southern and Eastern Mediterranean Countries (SEMC): profiles, problems, 
scenarios
Generally speaking, the demographic explosion in relation to economic performance means that 
SEMC are going to face a difficult problem of job creation to match the increase in those 
looking for work, in addition to the problem of those presently unemployed: 15-20% of the 
official labour force, even excluding hidden unemployment. During the last years, trade between 
SEMC and the EU has changed in favour of the latter. EU exports to SEMC rose from 7.9% of 
total exports to the rest of the world in 1989 to 9.5% in 1993, especially including agricultural 
and food products, besides more advanced items. SEMC share of EU imports from the rest of 
the world remained relatively stable between 1989 and 1993 at around 7%. Apart from energy, 
accounting for 50% of the total exports in 1990, SEMC exports to the EU are basically clothing 
(13%), agricultural produce(7%) and electrical and electronic goods. Furthermore, SEMC trade 
much more with the North than with the South of the EU, as they are to some extent in 
competition with southern Member States in agriculture, food, textiles, clothing, leather and 
building materials: nearly three quarters of EU imports from the SEMC went to northern 
Member States between 1989 and 1993, while the northern EU countries accounted for 70% of 
EU exports to the SEMC.
From this analysis it is possible to outline the most important trend developments and 
alternative scenarios for the SEMC. A slowdown of demographic growth is expected during the 
course of the next century: nevertheless several million young people will be looking for work 
and income simultaneously with growing disparity of per capita income relative to the EU, due 
to the widening of differences in the competitiveness of production and the capacity for growth. 
Accordingly, increasing pressure to migrate to the EU (as well as to wealthy Arab countries, like 
Saudi Arabia) is expected. The concentration of population in coastal conurbations will probably 
exacerbate both social and environmental problems caused by growing unemployment and 
poverty. Many territorial pressures are expected: the growth of huge conurbations such as Cairo, 
Casablanca, Istambul, Tunis, Alexandria and Izimir (where in some cases the yearly population 
increase accounts for 0.5 million) are leading to a littoralization of the demographic patterns. In 
1990, the population living in cities over 1 million varied from around 30% in Maghreb 
countries to around 50% in Maschrek countries. Moreover, growing transport congestion, 
energy consumption and depletion of fossil fuel resources (most of them exhausted probably 
before the horizon 2025) will lead to mounting and synergistic pressures on the fragile 
environmental equilibria.
An increasing role for sustainable strategies will surely be played by economic development. 
This varies widely according to the growth potential of national or regional markets, strongly 
dependent on preferential agreements and free-trade areas with the EU. Growth is most 
promising in Turkey and Israel, pushed by domestic demand and attracting foreign capital. 
Besides, the Maschrek countries are facing an immediate need to rebuild their economies and 
public services as the peace process continues. On the other hand the Maghreb countries are 
slowly modernising their productive structure, but are facing serious difficulties in finding their
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place in world markets except in some niches or specific products (horticulturals, olive and olive 
oil). Overall, the SEMC are facing increasing competition especially from Asian countries in 
their trade with the EU, and will find it increasingly difficult to mantain a special position 
in the globalised market foreseen by the GATT process.
However, promoting this active scenario requires a sharp break from the current trend. The EU 
is interested to reduce the risks involved by widening the separation between the welfare levels 
on both sides of the Mediterranean. An active Mediterranean policy is key for minimising the 
tension and unrest which could in turn lead to massive immigration pressures. Accordingly, 
strong efforts are needed to support economic development and democratic processes in the 
SEMC; besides, strong efforts to improve infrastructures and preserve the environment are 
required to prevent deterioration of the the quality of life in the basin area.
Several convergent actions are therefore required (European Commission, 1994a).
1. Support for trade liberalization, through gradual promotion of the Mediterranean Free Trade 
Area; the scope is to develop activities which are selectively competitive or complementary with 
those of the EU producers: Morocco, Tunisia and Turkey are the first candidates.
2. Support the cooperation between the SEMC themselves, advocating regional free trade areas 
in the Maghreb and in the Middle East.
3. Aid for investment, promoting both internal demand and foreign investments.
4. Introduction of measures to encourage networking between companies, universities, public 
agencies and local authorities to activate technology transfer programs in harmony with regional 
and local circumstances (MEDA, MEDURBS and MEDINVEST existing programs)
5. Intensification of the reduction of pollutant discharge into the Mediterranean, preventing the 
disappearance of species and biotopes.
6. Last but not least, activate specific policies for education and training of young people, 
especially those who are going to become young entrepreneurs, in order to encourage favourable 
economic circumstances for promoting both competitiveness and growth.
2.4 The Euro-Mediterranean socio-economic gaps
Europe constitutes the natural route for integration for SEMC countries into the international 
economic space. The SEMC countries accounts for only 5% of the GDP of the EU, and depend 
heavily on the proximity of this economic pole for their trade and exchange. For the EU the 
Mediterranean basin is very important, being the natural expansion space to allocate a 
significant share of its trade surplus. This natural integration has been strengthened by bilateral 
agreements which foresee a preferential access of SEMC products to EU markets. This has 
contributed to promoting complementarities of production patterns, moving from inter-sectoral 
integration (EU manufactured goods versus raw materials) toward intrasectoral cooperation, 
advocated by small Mediterranean enterprises, above all in the textile sector to balance the 
Asian preponderance.
The process of integration towards the European ex-communist countries is jeopardising this 
development, and the Mediterraenan countries risk experiencing a significant erosion of their 
growth prospects. Promoting regional integration through creation of a progressive free trade
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area is a high priority, especially for the weaker members of the partnership. In the NAFTA 
model, free trade followed the liberalization of the Mexican economy, but in the case of the 
Mediterranean less developed countries both the degree of socio-political reforms and industrial 
development are priorities in this process.
These interests and priorities are pressing mostly for the southern EU countries (Italy, Spain and 
France), while the northern countries are naturally more oriented eastward: accordingly the EU 
position is rather divided internally. On the other hand the EUM countries are mostly sensitive 
to the competition the SEMC could represent for their agriculture: on this issue the multilateral 
agreements actually remain vague, and this constitutes the real limit to the process of regional 
integration. The EU considers the inclusion of agriculture in the agreements as incompatible 
with the CAP, at least as it is currently structured. Probably the liberalization of trade 
agricultural products, foreseen in the next decades, should pass through an intermediate phase of 
negotiation, product by product, of a customized “improvement” of the conditions of access to 
the market place. Both the structure and the profile of trade flows betwen EU and SEMC 
represent very useful indicators of prospects for the new partnership thoughout the region.
In 1992, Euro-Mediterranean trade accounted for 76 billions US dollars, almost the same 
amount as Mexican trade within the NAFTA, representing 2.2% of the world trade. On the other 
hand, the ratio of GDP between the EU and the rest of Mediterranean is about 1 to 20, and the 
share of the EU in world trade is 20 times more than that of the SEMC. Futhermore, the EU is 
the main partner region of the SEMC, accounting for 55.7% of its exports and 51.7% of its 
imports; the related shares of SEMC trade and GDP from the EU have been maintained during 
the last 20 years. Detailed information on the trade structure of EU and SEMC is provided in 
Appendix I, Fig.9: overall trade balance of EU and SEMC is represented in Appendix I, Figs. 10 
and 11 respectively, while trade balance normalized to GDP and to the overall trade bulk are 
represented in Figs. 11.1 and 11.2 respectively. The evolution of EU share in SEMC trade and 
GDP are represented in Appendix I, Figs. 12 and 13 respectively. Trade normalized on GDP is 
also provided in Figure 1.7.
The importance of the SEMC for the EU trade balance, which appears as the fourth partner zone 
after EU, other west European countries and North America, is evident. Detailed data are 
provided in Appendix I, Tab. 2.7.1. The EU achieves 8% of its exports in the Mediterranean 
(3% of the total, including intra-EU exchanges), and 5,9% of its imports (2,3% including the 
intra-EU exchanges). Furthermore, the SEMC is for the EU the first zone for allocating its trade 
surpluses, primarily in manufactures. Detailed data are provided in Appendix I, Tab. 2.7.2 and 
Fig.14. The deficit of the SEMC vis-a-vis the EU has decreased during the last 15 years relative 
to the deficit vis-a-vis the rest of the world: in fact most of SEMC have resorted to international 
indebtedness to allow their trade deficit to rise.
Thus the contribution of SEMC to the trade balance of the EU is relatively weaker now than 
during the seventies, when the growth in the SEMC was stronger (Bensidoun and Chevallier, 
1996a, pp. 102-117; Bensidoun and Chevallier, 1996b, pp.7-9). The nature of the SEMC exports 
and the situation of indebtedness of most basin countries has affected Euro-Mediterranean trade 
in three ways: the shocks and countershocks of the oil prices, the emergence of developing 
countries in manufactured products, and the impact of debts on the imports of the SEMC.
The share of SEMC in EU trade has grown from the sixties to 1985. From that date, the oil price 
drop caused a decrease of the SEMC share in the EU imports, as well as the progression of the 
share of SEMC manufactured goods. On the other hand the increase of the Asian economic
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powers has affected the prospects of SEMC growth in the expected trade flows, which have 
been rather steady since the 1980s.
Figure 1.7 
EU Trade Balance normalized to GDP (1992)
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The geographical and strategic position of the eastern Mediterranean countries (Turkey, Israel 
and Egypt) is expressed through diversification of their commercial partners which strongly 
contrasts with the EU orientation of the Maghreb countries, whose trade share with the EU 
varies from 65% to 75%. These latter have a situation comparable with that of Mexico with US 
and Canada. Globally, the EU share of SEMC trade flow has not radically changed during the 
last 20 years, although a significant increase of trade with Tunisia and Egypt has been 
experienced. Besides, the opening of SEMC economies (except for Algeria) to international
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trade is very important: this share has passed from 7.4% to 11.1% of the GDP. The EU share of 
SEMC trade and GDP has accordingly risen during the last 20 years. Tunisia shows a very 
important opening towards the EU; this trade constitutes one fourth of Tunisian GDP. Detailed 
data are provided in Appendix I, Tab.2.7.4, with the overall evolution of EU share in SEMC 
trade and GDP in Appendix I, Fig. 12 and 13 respectively.
Since one of the main pillars of the Euro-Mediterranean Partnership is the opening of the Free 
Trade Area, the Euro-Mediterranean trade balance is worth analysing in order to verify in terms 
of trade the level of economic differences between the EU and SEMC. Generally speaking, the 
trade balance between the EU and SEMC is very unbalanced. Intersectoral trade between the 
EU and SEMC shows a clear peak in manufactured goods (23,3 billions $ in 1992). In 1970 the 
SEMC exported essentially agro-food products (41%) and energy (40%); the first oil-price 
shock caused the energy share of exports to rise, while the subsequent drop in oil price has 
brought the energy share to the former levels (39%). On the other hand, manufactured goods 
have eroded progressively the previous share of agro-food products, representing now half the 
SEMC exports (47%). It is worthwhile to point out that the export share of manufactured 
products from Mexico to US and Canada accounts for about 70%.
In the same period it is interesting to highlight also that the EU imports from SEMC have 
increased for manufactured goods and energy. Detailed data of the trade balance between EU 
and SEMC are provided in Appendix I, Tab.2.7.5, with the sectoral shares of trade between EU 
and SEMC in Appendix I, Tabs.2.7.6-7, and SEMC exports towards the EU and the SEMC 
share of non-EU imports of the EU in Appendix I, Figs. 15-16 respectively. The Figures 1.8 and 
1.9 show the decreasing SEMC exports towards the EU in the agro-food sector and the overall 
sectoral structure of Euro-mediterranean trade, clearly showing net SEMC energy imports by the 
EU and EU manufacture exports to SEMC.
Manufactured goods accounts for more than 70% of overall imports of the EU, but the share of 
the SEMC remains weaker than other traditional export sectors of these countries (i.e. energy). 
Nevetheless, it is important to point out that the sectoral composition of SEMC exports has 
been differentiated during the last years. Detailed data on the sectoral composition of the main 
SEMC exports towards the EU and of the export shares by sector of the SEMC to the EU are 
provided in Appendix I, Tab. 2.7.8 and Tab.2.7.9, and Fig. 17 and Fig. 18 respectively.
The development in manufactured goods has been particularly strong in Morocco, Tunisia and 
Turkey, and is going to become important in Egypt, although energy remains the biggest export. 
On the other hand energy is almost the only export of Algeria. Agro-food products constitute a 
very important share of the exports of Morocco (26%) and Israel (21%). Turkey is one of the 
most important exporters to the EU market, thanks to its production of manufactured goods, 
accounting for more than 40% of the SEMC exports towards the EU. Considering the whole of 
the products, its position is second only to that of Algeria. The export shares of main SEMC to 
the EU are shown in Appendix I, Fig. 19.
The SEMC manufacture sector has benefitted from the EU preference, where the share of the 
products coming from processing of phosphates (fertilizers, basic chemicals) has been stronger 
than textile and leather relative to other developing countries. A process of specialization of the 
textile/clothing sector has been witnessed in Morocco and Tunisia, leading to geographical and 
sectoral concentration: a progressive loss of market share is likely to take place, due to the 
increasing competition by Far East Asian countries.
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On the other hand, energy is the most significant issue in Euro-Mediterranean trade, constituting 
the most important domain of interdependency. Energy is by far the main EU import from 
SEMC; this share increased relative to other developing countries during the last 30 years. It is 
the main vector of regional integration, both Euro-Mediterranean (especially with the EUM) and 
intra-SEMC.
Figure 1.8
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The agro-food sector has been losing importance in Euro-Mediterranean trade, and this 
happened together with the increase of the food dependence of most SEMC. During the last 20 
years only Turkey and Morocco have been able to maintain a positive food trade balance, while 
all the other SEMC have become highly dependent on food imports. This evolution has been 
driven by a confluence of various factors including demographic growth, different 
technological levels, competition from the main world producers (including EU), lack of 
agriculture-oriented national policies and little technological advance or transfer.
In this light, the agro-food sector shows clear limits to the Euro-Mediterranean trade 
complementarity, as Figure 1.10 clearly indicates (more figures are provided in Appendix I, 
Fig. 17-18) due to protection of the EU market and competition from the main world producers, 
especially regarding cereals and fats. The SEMC imports of cereals and fats are only partly 
from the EU (34,2%). Egypt, the biggest SEMC importer, accounts for a 22% share from the 
EU, while the share of other imported products is about 40%; Moroccan agro-food imports 
from the EU are about 36%, while the total imports of other products are about 60%. The 
SEMC agro-food deficit depends more on the rest of the world than on the EU (Chevallier, 
1995, p272).
Figure 1.10
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On the other hand the EU is a very important market for Moroccan, Tunisian and Israeli agro­
food products (from 66% to 76%). The SEMC agro-food products have been set up to meet the 
requirements of the EU market, but they have to face all the instruments of protection intended 
to guarantee the communitarian preference. The CAP has in fact increased agro-food trade 
within the EEC during the last 20 years from 38% to 67%. For fruits and vegetables the SEMC 
products are in competition with those of Spain, following improvement of access to the EU
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market following Spain’s entry. The role of Spain in the EU market has increased progressively, 
leading to relative stagnation of SEMC products (Chevallier, 1995, pp.265-270).
On the other hand, despite its declining importance relative to other industries in terms of trade, 
the agro-food sector still plays a very important socio-economic role in the SEMC, which is 
strongly labour-intensive and accounts for a large share of jobs, most of which are concentrated 
in agricultural production. In fact agricultural population in SEMC comprises 40% of the total 
SEMC labour force — corresponding to 25 million jobs in 1991 — which is very much higher 
than the corresponding EU figure of 6%. Additionally, agriculture accounts in SEMC for a 
significant share of GDP (about 9%) excluding the informal agricultural economy that in some 
regions accounts for an additional share estimated to be of up to half of the overall agricultural 
production. Additionally, Turkey and Egypt are the SEMC giants in terms of agricultural jobs, 
accounting together for about twice the total agricultural labour force of the EU with some 18 
million agricultural workers in 1991 (data reworked from United Nations, 1995). Moreover, 
these two countries are expected to become the two demographic giants in the Mediterranean, 
together accounting for about 180 million people by 2025 (European Commission, 1994a).
2.5 Policy drivers: the Euro-Mediterranean cooperation framework
The previous analysis has shown that the Euro-Mediterranean region is characterized by 
relatively broad economic, social and demographic disparities. The social structure and the 
trade flows and economic level are the most apparent issues which distinguish the EU from the 
SEMC. Although the populations of the EU and SEMC are comparable, the ratio between the 
per capita Gross Domestic Product (GDP) of these two groups of countries is about 20 to 
l(Bonazzi and Gomez y Paloma, 1997a and 1997b)). On the other hand, straightforward 
comparison of GDP can give the misleading impression of relative living standards, as they do 
not take into account the purchasing power of different income levels. We use then GDP per 
head adjusted on the base of different cost living levels -  i.e. GDP corrected with Purchase 
Power Comparison (PPC)- both in absolute levels and scaling them to US. This reduces the 
disparity between the EU and the SEMC, but the gap between EU and SEMC averages remain 
very high, with ratio of about 4 to 1 (Figure 1.11).
All these social pressures and economic gaps jeopardize sustainable development in the 
Mediterranean. This analysis shows that, following their increasing competitiveness, selected 
parts of manufactured goods are gaining importance in trade, and could become a driver for 
economic development. On the other hand, agriculture is very important in SEMC for its huge 
labour force employed, while its technological level is very low. However, its importance in 
both trade and capability to provide food to the increasing population is decreasing dramatically, 
increasing food dependency. Accordingly, it is expected to have major impacts on the overall 
socio-economic, environmental and cultural systems as a consequence of technological change. 
In this light, political strategies to promote sustainable development have to consider labour- 
intensive agricultural and agro-food activities, that can reduce food dependence and curb rural 
depopulation, along with selected manufacturing industries.
The EU has become increasingly aware of these problems and of their possible implications for 
the overall equilibria of its institutions and its prosperity: overall, the Mediterranean region has 
to be considered as a whole entity, whose countries are strictly interdependent. Its intrinsic 
fragility is becoming more vulnerable and threatened as the gap between the economic, social 
and environmental conditions are widening.
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Figure 1.11
GDP per capita using purchasing power comparison (1994)
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A set of policies has been developed accordingly. Historically, the EEC drew up before 1972 a 
mosaic of ‘association and cooperation’ agreements with eight of the non-EEC Mediterranean 
countries, aiming to strengthen both trade and economic relations. The lack of coordination 
between the single agreements means that they had very little impact on the economic 
integration of the whole area. Already in 1972 (Paris agreements) the European Commission 
talked about reorientation of the European actions for the Mediterranean towards a more global 
approach, but the limitation of the agreements to economic criteria showed the need for a wider 
dialogue to promote socio-economic equilibrium all around the Mediterranean region.
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The intensification of the commercial relations was oriented towards specialization of the 
production patterns between the two rims: the flow of agricultural products and manufactured 
goods from the south balanced with technology and capital transfers from the north. The 
constraints imposed by the CAP (Common Agricultural Policy) and the hostile US position 
undermined the achievements of these objectives: the Community Preference Principle denies 
the possibility of granting better price conditions to non-EEC Mediterranean countries than to 
EEC members, except for non-competitive goods (tropical fruit) or goods with low self- 
sufficiency index (citrus fruit and olive oil).
Almost all Mediterranean countries witnessed during the last 20 years a 20% to 50% rise of the 
openness of their markets: most non-EEC Mediterranean countries witnessed a worsening of 
their agro-food deficit, suggesting an increasing in their foreign dependence, particularly in 
Algeria and Egypt. The dependence in basic food staples in most poorer Mediterranean 
countries has not been balanced by the improvement of typical Mediterranean goods exports: 
this is the expression of the failure of the ‘global’ approach advocated by former EEC policies 
based essentially on trade criteria, inducing progressive dynamics of political, socio-economic, 
environmental and cultural degradation throughout the poorer countries of the Mediterranean 
region.
At the end of the 1980s and in the early 1990s the EEC announced a revised broader version of 
its Mediterranean policy, publishing “The Mediterranean Policy of European Community” 
(Economic and Social Committee, i.e. ESC, 1989) and “The Future of the EEC-Maghreb 
Relations”, (European Commission, 1993). Both these document stress the need for Euro- 
Mediterranean cooperation, addressing the significant, interlinked issues of the agro-food sector 
and the environment in the light of this cooperation. A subsequent report issued by the EEC 
Economic and Social Committee noted that a committed policy of co-development must 
undertake a “re-organization of agro-industrial production on a Mediterranean wide scale” and a 
“correlated revision of the CAP” (Economic and Social Committee, 1991 pg. 29). This position 
appears to differ from EC views, maintaining that the policy of gradually relaxing import tariffs 
is insufficient to spur the growth of ‘non-EU’ Mediterranean countries, and is detrimental to 
EEC agriculture.
This situation is now pushing the EU and non-EU Mediterranean countries to promote actions to 
make the Mediterranean an area of exchange and dialogue to advocate peace, stability and 
welfare. For this purpose the EU intends to define a scheme of partnerships with non-EU 
Mediterranean countries, aiming to achieve sustainable co-development of the whole basin. 
Therefore a strategic, coordinated and overall approach is required. Definitely, this constitutes 
the first approach of the EU that formally fits with the requirements of sustainable development, 
which it theoretically tries to promote and implement. In fact, the challenge is to create a 
sustainable Euro-Mediterranean space of economic and social cooperation, as well as to promote 
the scientific, cultural and human dialogue.
The new paradigm necessary for Euro-Mediterranean cooperation is to promote the growth of 
competitive economies in harmony with environmental and human resources: the problem of 
poverty is highlighted as deeply linked with social and environmental degradation, as well as 
demographic explosion and lack of political stability. The Declaration of Barcelona of 27-28 
November 1995 {Barcelona Declaration, 1995) constitutes a keystone of the new Euro- 
Mediterranean cooperation, including the definition of a multilateral framework between the EU 
and the countries of the other shore of the Mediterranean. This has been extremely important to 
strengthen the existing bilateral agreements between the EU and its Mediterranean partners (all
36
countries except for Libya), acting as a catalyst for the pooling of efforts and initiatives. The 
objective of the EU is to create a common “space of shared prosperity”, assuring sustainable 
growth and stability all around the basin. For this purpose the political dialogue, the fight against 
poverty, and the need for better mutual understanding between cultures is required, facilitated by 
the human dimension of the exchanges.
The first expression of the Euro-Mediterranean cooperation is to constitute a larger area around 
the basin characterised by free circulation of products, persons and capital: the Euro- 
Mediterranean Free Trade Area, foreseen for the year 2010. The essential exchanges are 
foreseen to be in harmony with the CMO priorities. Agricultural products will be the first to 
become liberalized, respecting the GATT agreements, following the Declaration of Tunis (1st 
November 1994) and the Conference of Cannes (26-27 June 1995), which underline the 
importance of rural activities for sustainable development.
The reasons are multiple: agriculture is still the lead sector in the Mediterranean, the increasing 
population forces attention on the food production sector, already far from being self-sufficient 
and competitive. Furthermore, there are high potentialities for growth of productivity and for 
exploiting typical products. Moreover, agriculture is highly labour consuming especially in non- 
EU Mediterranean countries, and is traditionally well embedded in the cultural patterns and life­
style.
The Declaration of Barcelona highlights the relevance of restructuring agriculture in southern 
and eastern Mediterranean countries: above all this means encouraging integrated rural 
development and diversification of production, essentially intended to limit food dependance. 
Another priority is promoting patterns of environmentally sound agriculture, hopefully well 
inserted in the cultural tradition and also economically competitive in the developing globalized 
market. The cooperation of southern and eastern Mediterranean countries with the EU could 
play a fundamental role for this purpose: upstream specific measures of economic policy 
dialogue, dedicated to direct public investment in infrastructures; downstream mobilization of 
external finance, technology transfers and human capital training.
2.6 The historical vision: the Mediterranean from Eurocentrism to 
Polycentrism
The world economy is moving progressively towards internationalization and world-wide deep 
integration of its logics and dynamics; it is moving away from simple relationships of 
interdepency, where the integration is represented only by world convergence of prices, but 
where individual countries mantain a strict control of their economic policies. The concept of 
internationalization pinpoints the growing presence of multinational groups which can intervene 
directly in world markets, while deep integration supposes that under certain limits the world 
market no longer has boundaries and the prices have become practically homogeneous and 
unique.
Internationalization and deep integration are increasingly identified with ‘triadic globalization’, 
between the industrial and economic poles represented by EU, USA and Japan. This means that 
the model of development in the Mediterranean region is increasingly Eurocentric. On the other 
hand, processes of financial and industrial concentration are being interpreted as potentialities 
for economic decentralization and flexible specialization. Economic theory has generally 
interpreted development as the extension of the modernization pattern by successive waves to 
increasingly distant regions, which adapt gradually.
37
Recent economic history has shown the limits of this model: a growing process of 
marginalization (Amoroso, 1992) has been witnessed in the Southern and Eastern 
Mediterranean Countries (SEMC) with respect both to EU and EU Mediterranean Countries 
(EUM): this means that they have been progressively excluded from both investment and trade 
relations, defining priority patterns of trade. The main causes are intrinsic to the process of 
accumulation, which has increased the technological, economic and social gap between the two 
rims of the Mediterranean.
In this light, new contradictions arise from the gap between people’s need and production 
systems, which leads in turn to the conclusion that internationalization should be based on 
cooperation and not on competition, epitomised in the concept of co-development, rooted in the 
pattern of employment sharing. The dialogue in terms of economic policy should be addressed 
toward harmonised exploitation of the comparative advantages of each part of the region or 
meso-region, based on the concept of meso-economy (Chevallier and Bensidoun, 1996a and 
1996b).
Regionalisation is increasingly imposing itself as a dominating trend of the world economy, and 
in this light the EU must re-define its natural relationships with the proximity zone of eastern 
Europe and Mediterranean countries.
The project of the Euro-Mediterranean Free Trade Area opens new prospects and questions for 
the Mediterranean region. Basically, the question is whether free trade and pure market 
liberalization themselves are sufficient to promote both the targets of sustainable growth and 
equity: this strategy is based on the fact that the countries which have grown most are those 
which experienced growth driven by exports. Besides, the lack of consistency within the 
strategies of export promotion and the weakness of the overall production system have limited 
both export gains and intensification of the horizontal trade between SEMC (8% of the trade, 
compared with 60% in Europe, 37% in Asia and 36% in North America).
The establishment of the Free Trade Area foresees the free circulation of manufactured 
products, progressive liberalization through preferential access of agricultural products on a 
mutual interest basis, as well as free circulation of trans-boundary services and capital.
The concern is that the free access of industrial products to EU markets is counterbalanced by 
the protection of EU agro-food products, already causing- even in the most dynamic SEMC- a 
structural deficit in their payment balance versus the EU. This asymmetric regime and the trade 
performances are worrying, particularly in view of the intensification of competition following 
the liberalization of the Mediterranean market. The lack of competitivity of many SEMC could 
threaten their fragile economies, eroding the preference of the EU for SEMC products, while 
SEMC domestic traditional activities could lose important market shares against the increased 
competitiveness of external products, due to the elimination of trade protection.
Opening of the markets and polycentric regionalism are occurring simultaneously in the 
Mediterranean (in the NAFTA it occurred in two following steps), where the countries which 
have chosen a self-centered development pattern are outside this development. A new 
orientation is therefore necessary to set out the framework of the expected challenges: consistent 
financial policies are required, which should bear the risk of increasing investment expenses 
without increasing the internal fiscal pressure. Clearly the public sector should be very 
important, if coordinated with counterbalancing EU financial efforts.
The EU is outlining a framework from economic to political and human partnership, whose first 
target seems to be limited to designing a new trade system. This perspective obviously appears
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rather limited, biased by political short-sightedness. The regime of preferential access of certain 
products to the EU market, so far the main instrument of economic cooperation between the EU 
and SEMC, clearly shows its limits when the economic policies of the benefitting countries are 
not sufficiently effective in promoting these products. The reciprocity of the openness should 
beome the axis of the new philosophy of regional integration, which should follow the former 
regime of preferential agreements: this means a partenariat formula which should be enlarged to 
the whole Mediterranean region. Besides, the history of cooperation processes shows that the 
greatest commercial benefits of openness always accrue to the most developed partners.
2.7 Economic drivers: EU investments in the Mediterranean
SEMC have received so far only a marginal share of the overall world foreign investment, while 
Far East and Latin America are the main benefitters. Accordingly, the EU has developed 
specific frameworks for promoting direct investment in the SEMC. In fact, only sustainable 
growth could establish a common ground providing the shared prosperity foreseen by the Euro- 
Mediterranean policies, which should be not only commercial but also extend to cooperation 
through environmental, social, political and cultural dialogue. Direct investments should be the 
prerequisite, but the private EU investments are so far 7 times lower than those from US to 
Mexico in the NAFTA context ,accountsfor  3000 billion US dollars.
The EU Council established at 4 685 millions ECUs the aid volume dedicated to SEMC for the 
period 1995-1999: adding bilateral aid, this represents an annual aid of about 1000 million 
ECUs, rather low for the needs of SEMC and underestimated for the EU ambitions (for 
example, German unification is benefitting from 750 billions DM in 5 years). SEMC and the 
eastern Europe countries will benefit from some increase in aid, from 33% of the 1980s to 41% 
for the period 1995-1999 (Appendix I, Tab.2.3 and 2.4). Even so, the aid per inhabitant to 
SEMC will remain 4 times lower than that allocated to the eastern Europe countries (4 vs 12 
yearly ECUs per head).
It is also interesting to compare the direct investment figure with the currency transfers coming 
from emigrants in three Maghreb countries and in a EU Objective 1 country such as Portugal. 
Detailed figures and representation are provided in Appendix I, Tab.2.5 and Fig.7. The 
importance of the transfers from emigrants (ranging from 10 to 90% of the payment balance in 
Turkey, Jordan, Syria, Egypt, Tunisia, Algeria and Morocco) is evident (Figure 1.12). We can 
observe that both the Maghreb and Portugal are countries with high emigration rate: the 
Portuguese, 1.5 times less numerous than the Maghrebins, have transferred 1.5 times more than 
the latter. Moreover, the Portuguese population is 6 times less (10 vs 60 millions), with 
comparable GDP (79 vs 76 billions US dollars), but benefitted from direct foreign investments 
4.5 times larger. Finally, the ratio between emigrant transfers and foreign direct investments is 7 
times in the Maghreb and 2 in Portugal; on the other hand the weight of the indebtedtness 
overburdens the Maghreb 2.5 times more than Portugal (Appendix I, Fig.8).
The logic of the investments is complex, depending on many factors, socio-economic, geo­
political, historical and cultural. The EU is the first pole of direct investments, accounting in 
1992 for a world share of 55.1%, and still growing (the Japan and US shares are respectively 
15% and 16%). Asia is by far the first receptor of the world direct investments to developing 
countries: China, Hong Kong, South Korea, Singapore, Taiwan, Philippines, Thailand, 
Indonesia and Malaysia together account for a world share of 55.3% between 1990 and 1992. 
Latin America and the Caribbean account for a world share of 32.7%, while SEMC only 
received a world share of 6.7% (The World Bank, 1992; United Nations, 1995).
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Figure 1.12
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Many are the factors that intervene in determining this trend: geo-political concerns include 
institutional stability, administration efficiency and cultural interactions; economic 
considerations include the size of the domestic market, growth intensity and prospects, the yield 
from the investments, productivity and competitivity, and the infrastructure; depending on the 
economic policy, the state of economic reforms, fluctuations of the exchange rate, liberalization 
of investment regimes, the weight of the private sector and the privatization processes.
The weakness of the investments in SEMC shows their low attractiveness to foreign 
investment flows, to which everything seems to contribute: lack of a true financial market and of 
macro-economic dynamism, heavy bureaucracy, low level of human resources, state of the 
infrastructure. Few SEMC have begun their long trail toward modernization, and are also 
beginning to attract foreign capital: the more promising are Turkey, Morocco, Tunisia and 
probably Jordan in the near future.
The development of a free trade area in the Mediterranean region could evoke the risk 
of strengthening new internal tensions, and meso-regional fractures. Therefore the process 
should be made more open, to encourage gradual economic reforms and the evolution of income 
levels and job creation in SEMC. A prerequisite should be the progressive and equilibrated 
opening of the EU to SEMC agricultural products. Besides, economic stagnation and the 
resulting social crisis in the EU could threaten radically this process of growth in the 
Mediterranean.
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The challenge promoted by the EU through the Euro-Mediterranean agreements is huge: 
restructuring the process of accumulation and development on a regional scale, moving from 
marginalization towards specialization of the different parts of the region. The output of this 
process has been identified in the creation of large regional spaces of cooperation beginning 
from trade, pushing the European pattern of development from Eurocentrism toward 
Polycentrism. However, encouraging, sustaining and managing the openness is not enough for 
the Mediterranean region to grow harmoniously.
2.8 Euro-Mediterranean policies for sustainable development: key issues and 
prospects
The socio-economic and technological gaps between EU and SEMC identified in the first parts 
of this section are the most relevant issues for sustainable development in the Mediterranean. 
These are clearly key-issues for the Euro-Mediterranean policies, interpreted as the EU policy 
key-framework to promote sustainable development in the Mediterranean. At this point, some 
strategic industries to fulfil this objective have to be identified.
As the opening up of the Euro-Mediterranean Free Trade Area is supposed to gradually 
liberalize trade between the EU and most SEMC countries, important questions about the socio­
economic and demographic dynamics in the Euro-Mediterranean area have to be raised.
Just as in some Latin American cases, SEMC economies may be severely affected by FT A 
implementation in all industries where the current high labour productivity gap vis a vis the EU 
will persist (i.e. between traditional and labour-intensive agricultural production systems 
according to Renner, 1997). In fact, the actions envisaged by the Euro-Mediterranean FT A 
could exacerbate the lack of competitiveness of such agricultural production systems in the 
SEMC, and consequently render them even more fragile. This could aggravate the current rural 
depopulation in many SEMC, among which Turkey and Egypt are likely to be the most 
affected.
Generally speaking, labour productivity in SEMC agriculture depends on both environmental 
and socio-economic factors, i.e. (i) a very small land fraction is under cultivation because of 
relatively difficult climatic and soil conditions compared to those in Europe and, furthermore, 
the irrigated surface is small compared to the crop needs — which again depends upon the 
dryness of the climate; (ii) fragmentary small-holdings on the one hand and over-concentrated 
estates on the other, make both farms and firms distant from their optimal size for efficiency 
(judged in terms of the input combination which maximises the productivity of a given 
economic process). These characteristics are expected to be reinforced by the growth of the 
overall labour force in the SEMC, where at least 75 million people will enter the job market by 
2025 when there will be at least 20 million legal migrant workers around the Mediterranean 
(European Commission, 1994a).
On the other hand, the opening up of the FT A in the Euro-Mediterranean area may further 
enhance SEMC exports towards the EU in certain manufacturing sectors, some of which have 
been increasing their competitiveness during the last twenty years thanks to the somewhat 
smaller productivity gap existing between many SEMC and EU industries, e.g. textiles and 
agro-food in Tunisia, Turkey and Morocco.
Euro-Mediterranean policies have not considered seriously agro-food and especially the 
agricultural sector as a key-issue for cooperation, having formulated the objectives, instruments 
and mechanisms only vaguely. In this light, political strategies should be developed to promote:
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—► labour-intensive agricultural and agro-food activities — that can reduce food dependence 
and curb rural depopulation;
—► selected manufacturing industries, which may be also related to the agro-food sector, that 
could be competitive in the free market foreseen by the Euro-Mediterranean Free Trade 
Area.
In this light, the use of appropriate technology can clearly play a key role in bringing the SEMC 
into a competitive position. Technology — i.e. the pattern by which human societies organize 
productive systems, utilizing capital, labour, natural resources and physical techniques — can 
clearly play a pivotal role in reconciling the different levels of agricultural labour productivity 
in the EU and SEMC, i.e. the need is for appropriate technology.
The prospects therefore look attractive for technology transfers all around the Mediterranean 
region to support the re-structuring of the Common Agricultural Policy . Technology transfer 
should therefore be included in Euro-Mediterranean agricultural policy for cooperation and to 
promote sustainable development.
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3. The agro-food sector in the Mediterranean: what is it for?
The agro-food industry has been identified as a key-issue for Euro-Mediterranean cooperation 
and to promote sustainable development. The most significant profiles, patterns, production 
systems, gaps, prospects and scenarios of the agro-food industry are analysed. Social, 
economic, technological and cultural prospects could promote sustainable development if 
policies are consistent. Otherwise the existing problems could be aggravated. Consistent 
recommendations are outlined.
From the preceding analysis, the agro-food sector appears to be a crucial key-issue for the new 
polycentric Euro-Mediterranean policy of the EU. This has been and remains a strategic sector 
of the socio-economic system in the SEMC. First, it still accounts for a very substantial part of 
the economy, employing in some areas up to 50% of the working population, the average of the 
region accounting for around 20%. Second, food production , processing and marketing remains 
in most areas a pivotal issue for promoting rural development, a priority for curbing the 
littoralization and migration expected from the scenarios outlined in the previous section.
The agro-food sector is an important activity that provides both food and work. Strategies for 
sustainable co-development in the Mediterranean must develop this sector, to address the 
problems of growing population and poverty, social and environmental degradation.
The food production pattern of the SEMC, in which agriculture represents the most important 
part, has therefore to be oriented towards strategies which could offset the possible negative 
effects of progressively more open and globalized world markets. This highlights the necessity 
for a concerted decision process between EU and SEMC to define the scope of competition and 
complementarity between their different agricultural and food production patterns.
In this light, only the “appropriate” use of technology in Euro-Mediterranean co-development 
can optimise the potentialities for sharing growth and employment creation all around the basin 
without exacerbating the existing gaps, with both market and technological developments 
promoting social justice and equity.
3.1 Basic profile of traditional food products
The Mediterranean agro-food sector can be divided into basic food and food processing 
industries.The food industry in the Mediterranean region is characterized by great diversity and 
poor competitivity: it shows an important degree of internationalization and an overall agro-food 
deficit, accounting for more than 12 billions US dollars in 1990. Nevertheless, a sharp disparity 
is evident in the level of internationalization between the EUM and the SEMC: the former show 
higher internationalization and their trade exchanges are more evenly balanced, whereas the 
latter has seen a rapid growth of imports against stagnant exports.
Within the EUM, France and Italy are the most important Mediterranean agro-industrial 
countries: Italy is specialised in high quality Mediterranean products (pasta, wine, olive oil, 
cheese), and is a very important reference market. France is a big agro-food industrial power, 
with a highly positive agro-food trade balance. Both Italy and France are linked to the northern 
agro-food industry, the great basin of Paris for crops and the west for livestock, and the 
Mediterranean share contributes only 10% to the sector's added value. Spain is becoming more 
important on the agro-food world scene, showing an increasing competitiveness in vegetable,
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olive oil and fish sub-sectors. Portugal and Greece have a retail network less developed than in 
other EU partners.
Among the SEMC the agro-food industry is very heterogeneous.The Balkan countries could be 
grouped on one side for both political and production patterns. Turkey is enjoying a marked 
expansion of agricultural and food products, for both domestic and foreign markets, in the 
Middle East mainly. Israel is the most internationalised country of the SEMC, and a traditional 
food exporter of specific, high added value commodities (horticultural), while importing basic 
and strategic commodities (wheat, meat and dairy produce). The Maghreb countries show a 
market heterogeneity in the strategies adopted in the agro-food sector. Algeria has embarked on 
a very ambitious industrialization policy financed by government investments allowed by oil 
and gas exports, essentially importing agro-food commodities. By contrast, Morocco is 
promoting the development of private investment based on foreign and domestic capital inflows. 
Tunisia has been moving in this direction for some years, and the olive oil sector has been 
prioritised. In the Machreq countries the situation is complicated by different access to oil 
revenues and by political tensions. Egypt has an important agro-food sector, where domestic 
demand plays a very important role. Jordan is benefitting from the diversion of capital formerly 
directed to Lebanon, and Syria is more gradually opening its economic system toward world 
markets, especially in the olive oil sub-sector.
Cereals are a basic element for human nutrition. The main species cultivated in the 
Mediterranean are wheat, barley, oats, millet, maize and grain sorghum, while in flooded areas 
(Egypt) rice is very important. Grains can be grown in adverse conditions, but even with 
technical aids (pesticides, fertilizers) the returns for farmers are very low, especially in SEMC 
where only the big mechanised agri-business is economically viable.
By contrast, olive crops, traditionally cultivated in marginal lands, are becoming extremely 
promising and profitable especially in EUM, where they have been highly protected and 
subsidised. Furthermore, modem cultivation methods, pushed by the prospect of increasing 
profitability, are leading the sector towards quality improvement and reduction in employment. 
Besides, in SEMC there are no realistic alternatives to olive crops at present, especially in the 
poorest acreage; olive crops are one of the few cash crops available to growers who continue to 
employ time-honoured management techniques.
Fruit and vegetables are especially earmarked for export markets (citrus, tomato, raisins and 
grape), and are the most valuable cash crops in both EUM and SEMC. The former are usually 
cultivated on family-run farms, while the latter are mainly cropped in large scale capital 
intensive agribusiness holdings, which require foreign currency inflows, promote foreign 
exchange and recycle only a small part of the labour force rendered unemployed by their 
growth. These crops are also substituting ‘traditional’ industrial crops, such as tobacco, cotton 
and sugarbeet, which have already been affected by competition by other produce (sugar cane 
and synthetic fibers). Cotton is increasing its importance in Syria, Morocco and Algeria to 
achieve high-quality yam.
The grapevine, basic element with cereals and olive of the ‘triadic’ Mediterranean agriculture, is 
today most important in EUM, where it is gaining new market share through trademark policies 
and product diversification.
Livestock breeding is another key activity in Mediterranean systems. The number of cattle in 
SEMC has increased recently as a result of foreign dairy breeds, whose stocks and genetic 
material depend on overseas supply. This animal husbandry manipulation has impacted severely
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on environmental equilibria, stressed by the need for concentrated fodder under irrigation, 
competing with other more ‘traditional’ crops. By contrast, in EUM meat and milk surpluses call 
for policy strategies aiming at discouraging cattle breeding. In SEMC a larger increase has been 
witnessed during the last years in intensive poultry farms, in some countries depending in part 
on overseas supply of herds and eggs. By contrast, the development of sheep and goat breeding 
has been slower in SEMC, where small-scale nomadic pastoralism is being replaced by herds 
numbering thousands of head which are transferred to pastures by trucks: this leads to the 
overgrazing of distant areas, competing with marginal olive crops.
More details of main Mediterranean traditional food products can be found in Appendix I.
3.2 Two Mediterranean agro-food systems: what are the gaps?
Despite the fact that the Mediterranean shares common characteristics throughout all its 
countries, there is a marked gap between the EUM and SEMC rims in term of dimensions, 
people, environmental resources, economic development, political systems, social and cultural 
patterns. The agro-food sector shows on the one hand a particularly evident disparity, while on 
the other is characterised by a strong interdependency and many common problems This is a 
typical expression of the Mediterranean meso-regional problem. Furthermore, the existing gap is 
still widening, and is apparent in various different ways.
The relationship between Mediterranean agriculture and food production is articulated through 
so-called “meso-systems” of actors, institutions and procedures involved in the various sectors 
to be examined. The Mediterranean region provides an excellent model to observe the widening 
of the gap between traditional and new food production patterns, where the latter sometimes 
substitute, collide with or exist alongside the former. The limited spread of technologies and 
services in agriculture is leading to a split in the approach of farming systems within each sector: 
zones of modern productive systems beside others dedicated to traditional cultivation 
supplemented by outside income. This induces the perverse dynamics of competition between 
different traditional production patterns, given the impossibility of competing with more modem 
production patterns, exemplified by the conflict between breeders and cereal producers in 
Morocco and Turkey.
Driven by consumer preferences towards healthy and quality products, the northern 
Mediterranean countries tend towards revaluation of traditional commodities, linking the farm 
network and local produce to an increasingly larger scale of processing and marketing facilities. 
Besides, southern and eastern Mediterranean countries have developed an industrial 
technologically geared to large scale mechanised farms or mass-processing installations of 
imported commodities (powdered milk and cereals). The products are often more competitive 
than those produced locally, due to the lack of efficient distribution and marketing 
infrastructures. Entirely alien to any locally grounded environmental or social logic, these 
activities provide job access recycling for only a small part of the employment they destroy in 
agriculture. Finally this leads to decline of traditional farming system, overall unemployment 
rise, reduction in incomes and increases in the trade balance deficit (Viaggi, 1993).
Finally, a clear gap between the “two Mediterraneans” is therefore particularly evident in their 
agro-food systems: we can clearly distinguish between the EUM and the SEMC.
The analysis of the production chain will focus on the disparity between them: this is 
recognizable all along the food production chain. The first focus is put on the primary food 
production patterns, meaning agricultural production: marginalization, specialization and 
traditional agricultural production patterns. Then the analysis of the, food consumption patterns
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is important to identify the other side of the food disparity, as well as their social relevance in 
both job structure and cultural patterns. The exploration of food trade and industries will 
highlight the important economic expression of the disparity, while the relationship between 
production patterns and policies should show the overall bottlenecks and prospects of the food 
gap between the EUM and the SEMC.
3.2.1 Analysis of the Mediterranean agro-food production chain: marginalization, 
specialization, and traditional patterns
The agro-food disparity between the EUM and SEMC is evident from the extent of their 
agricultural production gap and importance within their overall economic profiles.
This definitely means to try to model through various complementary indicators the level of 
marginalization of SEMC agricultural patterns.
Firstly it is necessary to analyze the share o f GDP and employment represented by agriculture 
in each country (Figure 1.13). Although it has quadrupled in absolute value, the share of gross 
national product (GDP) due to agriculture (GDP-A) has been decreasing in Mediterranean 
countries during the last 25 years; detailed figures are provided in Appendix I, Tab. 3.1. The 
EUM accounts for 87% of GDP and 68% of GDP-A in the Mediterranean; these figures are 
shown in Appendix I, Fig.20. The GDP-A increased at the average rate of about 6.5% compared 
with the total GDP growth rate of 10.5%. On the other hand, the share of agricultural labour 
force in the EU and SEMC is respectively 6% and 40%; including the “informal economy”, this 
figure could be higher than 50% in SEMC (Figure 1.14). Detailed figures are shown in 
Appendix I. Fig.21.
The agricultural share of GDP (GDP-A) decreases in the growing economies, accounting for 
3.5% in the EUM and 14.9% in the SEMC in the year 1990. The total GDP is 18.7 times bigger 
in the EUM than in SEMC, while for the GDP-A the figure is 4.3 times.
Figure 1.13
GDP-A and agricultural labour force shares in the 
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Figure 1.14
A g ric u ltu ra l w o rkers  in the  EU and SEM C  (1989)
SEMC
BJ
............ 1............ 1.............1.............. 1— .........
... ^ 1
10 15
M illions
20 2 5
-  SEMC 
D EU M edit. 
Q  O th er EU
Isra e l
Jord an
Lebanon
T u rk ey
S y r ia
Egypt
T u n isia
M orocco
Lybia
A lg er ia
P ortugal
Ita ly
G reece
F rance
Spain
tituinu
Employment in agriculture
■  SEMC 
□  EUM
2 0 0 0  4 0 0 0  6 0 0 0  8 0 0 0
Workers (’000)
1 0000 1 2000 1 4 0 0 0
Then the analysis has to be carried out at country level, showing the great disparity for the GDP- 
A per worker in agricultural productivity. between 15,293$ in the EUM and 1,906$ in the 
SEMC (Figure 1.15). Only Israel among the SEMC has a very high productivity per worker, 
comparable to that of the EUM.
This figure is essentially related with the different production patterns in the EUM and SEMC. 
Additionally, the decrease of the working population in agriculture over the last 20 years in both 
EUM and SEMC has made the GDP-A increase 11,3 times in the EUM and 5,5 in the SEMC 
during the last 20 years; accordingly the usable land per agricultural worker doubled in the EUM 
but decreased by 10% in total over the same time horizon. Detailed data on the updated figures 
for GDP-A and agricultural jobs are provided in Appendix I, Fig.20-21; data on agricultural 
productivity are provided in Appendix I, Tab.3.2 and Fig.22. Detailed data and figures on GDP-
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A and agricultural jobs in selected EU and SEMC are provided in Appendix I, Tab.3.3 and 
Figs.23 to 26.
Figure 1.15
Productivity per agricultural worker (1989)
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It is also important to explore the structure o f the agricultural production system in the various 
Mediterranean countries. Analysis of the agricultural holdings shows that Spain and Portugal are 
dominated by large agricultural parcels, while in Greece, Algeria, Tunisia and Turkey small 
farms are predominant and the family-run farm is still very important. In France and in Italy the 
situation is more differentiated, and the medium size classes are most important. Detailed 
figures and graphs are given in Appendix I, Tab.3.4 and Fig.27 respectively.
It is also very important to highlight the different degree of irrigation, mechanization and 
agricultural modernization. The share of irrigated land is very high in Egypt (100%), followed 
by much lower proportions in Greece and Italy. This shows clearly the structure of agriculture 
and its geoclimatological constraints. Detailed data are provided in Appendix I, Tab.3.5, Fig.28. 
Very useful to enrich the view on modernization are agricultural inputs, e.g. agricultural 
fertilizer use. Detailed data and representation of irrigated agricultural land, fertilizer use and its 
related increase are provided in Appendix I, Tab.3.6 and Fig. 29, 30, 31. Egypt and France are 
the biggest consumers of fertilizers, while a strong increase has been witnessed during the last 
30 years in Syria, Turkey, Libya. The degree of agricultural mechanization is also a useful 
indicator of the modernization level of agriculture. France, Italy, Spain and Turkey are the 
countries where the number of tractors is highest. This depends also on the Utilized Agricultural 
Surface (UAS) size of each country; therefore it is necessary to explore the degree of 
mechanization intensity, measured as the ratio between the.former value and the UAS: this 
reaches its highest level in Italy, followed by the other EUM countries. Detailed data and 
representation of mechanization are provided in Appendix I, Fig.32, 33.
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The degree of specialization of the agricultural production in the different countries of the 
Mediterranean is also very important (Gomez y Paloma, 1993, pp.97-98).
It is necessary to distinguish between three production system sub-sectors: grains, livestock 
(divided into cattle, pigs, sheep and goats) and horti-fructiculturals. Detailed data are provided in 
Appendix I, Tab.3.6 and Fig.34, 35.
Overall, the Mediterranean region has witnessed a significant degree of specialization in the 
EUM, Morocco, Turkey and in the Balkans; detailed graphs are provided in Appendix I, Fig.36 
and 37. By contrast, the other Maghreb and Machreq countries show a strong agro-food 
despecialization, especially in oil exporting countries such as Algeria and Libya. Greece, Israel, 
Cyprus, then Spain, Italy and Lebanon follow the specialization pattern of horti-fructiculturals. 
Production of sheep and goats is concentrated mostly in Greece, Libya and Syria.
The other Maghreb and Machreq countries are witnessing a significant increase in horti- 
fructicultural outputs, while their demand in cereal and livestock commodities has noticeably 
decreased during the last 20 years.
Furthermore, the opening of SEMC borders to EU grains and dairy commodity imports priced 
below the same commodities in their domestic market -due to EU and US surpluses - has led to 
undesired results in SEMC. The case of Tunisia is enlightening. Import of low price milk from 
EU to meet growing urban demand encouraged the building of in situ powdered milk processing 
plants, consequently destroying the domestic dairy industry, which was no longer competitive, 
and thereby causing significant unemployment rise, trade deficit and technological dependence 
on foreign suppliers.
The last aspect of Mediterranean agricultural production systems is their degree of traditional 
production patterns.
They are mostly associated with dry-farming and evocatively in sharp contrast with ‘modem’ 
systems practised in flood plains or fertile coastal strips, scattered like leopard-spots from the 
west to the east of the Mediterranean.The traditional systems are based on the crop triad of 
wheat, olive and grape, integrated with animal protein supplied by the breeding of sheep and 
cattle. The main features of this production systems are:
*the biannual rotation of grains and fallows and orchard-crops;
* overnight corralling of livestock on fallows to provide manure;
*manpower and livestock draft exploitation;
*the use of hoe and simple plough;
*the separation of pasturage and arable land;
*the exploitation of water resources and the advent of the field layout.
It is possible to synthethize in a global indicator -named degree o f economic primarimtion - 
shares of both agricultural Gross Domestic Product and labour force, multiplying them into a 
parameter which indicates how significant is the agricultural sector for the global national 
economy and how labour intensive it is. This finally shows how important are the traditional 
patterns in agriculture. Detailed data are provided in Appendix I, Tab.3.7 and Fig.38 
respectively.
The same conclusions are indicated by the evolution during the last 20 years of UAS per worker 
in the EUM and the SEMC (Appendix I, Fig.39.1 and 39.2). In the former the land per worker 
has nearly doubled, while in the latter the average over all countries is slightly decreased. This is 
directly linked with the different levels of agricultural productivity (Appendix I, Tab.3.2 
Fig.22).
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Agricultural management techniques have been identified as fundamental for the sustainable 
exploitation of especially fragile agro-ecosystems such as the Mediterranean: a fundamental 
connection has been found between soil erosion, encroaching deserts, soil salinization in 
irrigation fed areas, overexploitation of soil and water by crop-soil incompatibility and intensive 
management practices (UNDP, 1991; Amato, 1991), which led to a fallow decrease from 40 to 
26% in SEMC over the last 40 years .
In fact technology transfer and highly capital intensive agriculture has often proved to fail in 
SEMC, : for the retention of labour-intensive traditional techniques in those economies.
Desertification and soil erosion are the most significant threats to Mediterranean agro­
ecosystems, as well as the related declining fertility caused by overcropping. The organisational 
problems of over-exploitation of traditional techniques like over-grazing, and technical 
innovations which disrupted the traditional equilibria are the two main causes of this 
environmental degradation.
Irrigation i$i some areas induces salinization of the soil, especially in Egypt and Syria where 
salinization affects 30% of the current acreage and threatens another 50%. Soil, water pollution 
and biodiversity loss are the other side of the problem. Conventional European technology is not 
performing satisfactorily in SEMC conditions: both altered crop rotation and integrated 
agricultural and livestock breeding have proved to be harmful to the conservation of soil 
fertility. For example, intensive cultivation for the EU market of citrus and horticulturals in the 
Agadir region has over-exploited the water tables of the Souss valley, leading to drought-ruin of 
both land and farmers in the surrounding area; heavy mechanization has destroyed the soil 
structure by compacting the top layers, increasing soil erosion and affecting the productivity.
Long-term approaches have to be found: the renewal of traditional agricultural production 
patterns in SEMC seem the most sustainable within the context of the fragility of Mediterranean 
agro-ecosyterns: returning to traditional farming practices and systems is promoted in Syria, 
where the only effective remedy against the decline of arid areas was to return to extensive 
pasture management.
The traditional livestock farming systems represent the only sustainable vector through which 
man can harness the energy contained in the thinly covered hill and mountain pasturage 
scattered over the barren lands prevailing in a large part of the Mediterranean without 
compromising renewal of their production capability. These resources are not scarce per se\ 
given the current economic model’s concentration of people in restricted spaces, the sparse 
pasturage represents an abundant resource.
It seems very promising to promote integrated system approaches and crop rotations: the 
integration of traditional mixed crops rotations with crop and livestock operations; in non­
irrigated areas cereals-vetch-oats rotation, while in irrigated lands wheat-luceme or clover (or 
wheat-fodder cereals like maize and sorghum); where vegetables can be employed, wheat-lentil 
rotations, (or melon), or wheat-lentil-melon; industrial crops of cotton-wheat (or barley), 
sugarbeet-wheat or wheat-cotton (or sugarbeet)-legumes rotations. The social and economic 
concerns contained in the issues of environmental degradation and natural resource depletion 
calls for an overall policy approach.
3.2.2 Food consumption patterns
The biggest issue linked with the strategies of food security and related food consumption 
patterns has to deal with the demographic growth foreseen in the SEMC. The related food
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requirements come directly from these projections. Detailed data on demographic growth are 
provided in Appendix I,Tab.3.8, Fig.40, 41. The demographic growth for the horizon 2025 is 
expected to be very much higher in the SEMC than in the EUM. Italy is expected to be the 
country with negative growth over the horizon 2025, while Syria and Libya will witness the 
highest growth rate for the same horizon. Among the SEMC Turkey will witness a decrease of 
its demographic growth rate for the same horizon.
The food consumption patterns reflect the share of total expenses dedicated to food; this share is 
correlated with the share of GDP-A in the total GDP, varying from 16% in France to 50% in 
Egypt. Detailed data are provided in Appendix I,Tab.3.9, Fig.42. Analysis of this parameter 
allows to distinguish between EUM and SEMC patterns of food expenses. Surprisingly, as 
regards this parameter, Greece is likely to belong to SEMC than to the EU. A good indicator of 
the food consumption structure is identified in the availability of proteins and the share of 
vegetal and animal proteins. Detailed data are indicated in Appendix I, Tabs3.10 and 3.11.1.
The overall evolution of the food ration in the EUM and SEMC is positive, which means a 
general improvement of the average food ration. However, the structure of the ration is is 
clearly divergent between the EUM and the SEMC: in the former it results from the 
incorporation of animal proteins, while in the latter the improvement has been accomplished 
thanks to increase in vegetal proteins. This trend is shown in Appendix I, Fig.43.
Furthermore, the analysis of the share of vegetal and animal proteins in the average food ration 
shows that during last 30 years the EUM have witnessed a marked trend also towards the 
substitution of vegetal with animal proteins, while in SEMC there is a relatively more apparent 
increase in the vegetal protein consumption (Figure 1.16; also in Appendix I, Fig.44.1).
Figure 1.16
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It is possible to analyse this change. Several studies demonstrated that the nutritional model in 
countries like Algeria showed that the average calorie intake was sufficient throughout the 
country, but not in the southern areas and the big capital slums: here the food ration was 
respectively 10% and 14% lower than the FAO standards (Badillo, 1980).
This means that where the traditional model based on cereals (couscous, pasta) is available, the 
nutrition energy standards are respected; on the other hand the protein share of the ration is poor, 
being composed by only 44% of the advised standard animal proteins. Thus vegetal 
compensates for the lack of animal proteins. The protein deficit is mostly due to the lack of 
equilibrated proportion of milk, meat and fish protein.
The evolution of the food ration towards a better proportion between the protein share of 
different origin means a marked evolution toward the substitution of "poor" with "rich" food 
products. Besides, there is a strong disparity between rural and urban areas: the cereal 
consumption in Morocco, for instance, is 53% higher in rural areas, while milk and meat 
consumption are 43% and 37% lower.
Moreover, it has been shown that the subvention policies are responsible for promoting the 
“western” consumption patterns; this definitely means a loss of the positive elements of the 
traditional ration, whose production is more appropriate to both the environmental and the 
cultural systems of the Maghreb. Needless to say, the upper classes derive more benefit from the 
subvention policies, as the price of the foodstuffs remain largely out of the purchasing power of 
the poorer classes.
Some projections are available for the food ration in the Maghreb for the horizon 2000, taking 
Algeria as the test country (Badillo, 1980, pp. 120-125). The first is based on a “western” food 
pattern (ration A), already adopted by certain favoured urban classes, the second (ration B) on 
an equilibrated proportion of cereals and dry legumes. These last have been identified as the 
more promising to fulfil the protein needs of the poorer classes. The basis rations A and B both 
have about 2,605 daily calories, and could be respectively defined as “western” and “local 
improved ” food patterns (Figure 1.17). Detailed data are provided in Appendix I, Tab. 11.1, 
Fig.44.2.
Although the two rations are characterized by the optimal calory content (2605 daily calories), 
and the protein content is the same (75 g/day), the ration B has a 5% lower share in animal 
proteins.
It is possible to summarize:
(i) the consumption of cereals is similar in both rations, but ration B is richer in hard wheat 
and barley while ration A is richer in soft wheat;
(ii) a higher share of dry legumes (lentils, chick-peas, broadbeans) in ration B is expected, 
important for their aminoacid content, especially lysine;
(iii) a lower share of meat, eggs and milk in ration B is expected: the share of meat is lower 
than at present, and the share of milk higher. Ration A seems to extrapolate the current 
dietary patterns for these foodstuffs.
(iv) the consumption of fruit, fresh and dry, is slightly higher in ration B than in ration A.
It is observed that the food pattern provided by ration B better calibrates the proportions of 
cereals, legumes, meat and milk. Additionally, it consumes less environmental resources, as 
integrated dry-farming systems may provide it more easily and may reduce the food dependence 
of the Maghreb.
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As a consequence, this change towards efficient, although low-cost food ration in SEMC is 
expected to achieve food security objectives in a cost-effective way, accessible to poorer social 
strata.
Figure 1.17
'Western" (A) and "Local Improved"(B) food patterns for Algeria
(horizon 2000)
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3.2.3 Cultural and social issues of primary production systems
Agriculture in SEMC is one of the most important economic sectors, accounting for 30-40% of 
the work force and 10-38% of GDP; in northern EU countries the added value and employment 
involved is unlikely to fall below 2-3%. The traditional farm system, dominant in the 
Mediterranean countries, has changed significantly, with evident contrast between the two rims.
In the southern countries, since pre-colonial times, private property was not significant: land use 
was determined by tribes, or extensive holdings.The social group was as a whole dependent on 
agriculture, and every member of the family had a specific role. During the colonial era, some 
land became the property of farmers and later, coming from heavy taxation and emigration, was 
concentrated in relatively few large land properties. The agrarian reform which followed those 
times involved an important share of public investment. Farm owners had to emigrate or to look 
for extra-agricultural income: in this way families could provide funds to support the
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introduction of new production means to farms of adequate size, importing the technology and 
equipment. However, the whole process exacerbates rural depopulation.
Furthermore, the small farm based production system (less than 5 ha) has witnessed a 33% rise 
in the Maghreb and Machreq countries, meaning that the small holding can play the role of 
social engine, accounting for 8 millions units and representing 11% of the total acreage.
In SEMC a more pronounced division between the small and the large-scale state-run firm is 
widening: these latter were established after independence by governments as an effective 
means to implement the agricultural policy; they are often designed for northern agriculture, 
and require high technical inputs. The failure of most of them is insufficient yield resulting more 
from organizational than from technical problems.
By contrast, the number of small farms is decreasing in the EUM, where industrial concentration 
processes are in progress although the family-run farm can sometimes compete or find a high 
performance niche market. An important organizational form promoted mostly by the CAP is 
the farmers’ union, which facilitate the common marketing of agricultural produce. This finally 
leads to an increased exploitation of agricultural production. The other form of enterprise is the 
cooperative, very important in the EUM, which promotes processing more than the marketing of 
production. Detailed data are provided in Appendix I, Tab.3.12.
In the EUM, cooperatives manage the wine and olive oil sector, cereals, and cows milk.
The different spatial concentration and market fragmentation and the lack of consolidated 
commercial structures explain the success of the cooperative system, as well as the considerable 
difference in the commercial and industrial concentration of production in the EUM. The case of 
olive oil is very interesting: 60% of the Spanish sector depends on cooperatives while in Italy it 
accounts for only 5%. In Spain there is a surplus of exports, in Italy a production deficiency, and 
there is a clear separation between the extremely fragmented local market and the national 
market which is becoming concentrated in the hands of three companies (Unilever, Ferruzzi and 
Bertolli).
On the side of SEMC, cooperatives have excessively centralised their decision-making process. 
The strong presence of the state industry and the territorial concentration of production over the 
territory give rise to three problems:
(i) the first combines elimination (Algeria) or reduction (Tunisia and Morocco) of price 
support with a low price increase;
(ii) the second is connected to the modalities of linking domestic production with processing 
and consumption, as the liberalization of imports reduces the competitivity of home 
production;
(iii) the production protected is generally that preferred by world trade (grain staple): in these 
cases either a "two-fold approach" is adopted (high production price and consumption 
subsidies, in Algeria) or price protection .
The SEMC problem concerns agricultural exports from SEMC towards the EU, about 70-80% 
of their total: a very significant question for the SEMC agricultural policies is whether to 
produce for their own food needs or for the market. The choice of the sectors to protect is 
fundamental to increase the degree of self-sufficiency in the basic agricultural sectors: 
modernization should probably pass through the self-managed market along the lines of the 
cooperatives, as a prerequisite for management of exports and to promote privatization of the 
food industry without traumas resulting from an incontrollable influx of big foreign businesses 
in a short time.
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The employment issue is pivotal for the evaluation of the agricultural sector in the SEMC, 
where the hired farm-labour force accounts for a larger share of the total rural population than 
anywhere else: 29% in Egypt and 33% in Morocco. Usually they are former share-croppers or 
herders who became hired hands from the colonial period or because of the poor incomes from 
their holdings and the introduction of mechanization.
The introduction of labour-saving technology increases the ranks of this displaced labour force, 
which probably represents an intermediate step towards the complete abandonment of the land. 
Land rent was common in the past in several farms of the SEMC, usually involving leasing of 
land to farmers by wealthy land owners or public agencies.
Today the small land-owner often rents his land to large agri-businesses, reflecting the fact that 
his income level is not sufficient. How much of the Mediterranean’s rural population is affected 
by the crisis of traditional rural systems? In SEMC it can be estimated as between 40 and 65 
million people, accounting for between 20 and 35% of the total. These peasants employ 
techniques compatible with the fragile environmental equilibria, but are at the limit of economic 
subsistence, representing a potential reservoir of migration and threat to the preservation of the 
environment.
Finally, it is possible to say that the industrialization of agriculture is a growing aspect of the 
increasing integration between agriculture and agri-marketing system: the change of agricultural 
policy is pivotal in this light. These effects are evident in the EU sugar sector, while they are 
spreading into the milk sector. There are similar effects also in other sectors subject to bonus 
restrictions (processed fruit and vegetables, oils, cereals, already highly concentrated at both 
processing and trade levels).
Furthermore, another effect should be detected: as the degree of competition in the 
agricultural sector and the consumption of food products becomes more sophisticated, the levels 
of functional connection with the market rise. Today this connection is concentrated in the hands 
of the agrimarketing system. The Italian case is very enlightening: food processing in Italy is 
very divided and, theoretically, should not develop large organizational functions. Besides, 
Italian food consumption is becoming more and more sophisticated. This has led to a significant 
concentration process: 10% of the companies produced 49% of the highest marketable 
production in 1970; in 1980, 67%; and in 1990,76%.
3.2.4 Agro-food industries and trade in the Mediterranean
The agro-food systems vary widely throughout the Mediterranean region, but some simple 
patterns can be outlined.
The traditional agro-food system 
This system is based on the strong link between production and consumption patterns. It couples 
the classic crop triad (cereals, olive and grape) with typical Mediterranean animal production 
(sheep, goats and fish). Other crops have been progressively incorporated, such as citrus and 
tomato. Several common features can be identified in the various countries of the basin, such as 
olive oil, sheep meat, fruit and vegetables.
This system of self-production and consumption is supported by a relatively simple supply and 
distribution system, which is now experiencing a serious crisis because of the demographic 
growth, the intensification in littoral areas, the food consumption change, and the growing 
internationalization of the food market.
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The import-based and export-based food systems 
These systems are based on access to and interaction with food world markets. The import- 
based system has been developed to face the crisis of the traditional production system. Its 
origin is also old, as the Mediterranean region had to depend on imports since ancient times. 
Some countries such as Algeria and Egypt, have to import massive quantities of basic foodstuffs 
(wheat, fodder, diary products) to feed their growing urban population. This system co-exists 
with the traditional pattern in some countries, while in others it is dominant.
The export-based food system depends directly on the growing internationalization of the world 
food markets. This system pushes toward the production of high added value agricultural 
products, whose introduction into international food trade can provide a significant proportion of 
foreign currency to finance the import of basic foodstuffs. The dominant products of this model 
are fruit and vegetables (citrus and tomatoes in particular), olive oil and wine. They benefit from 
the comparative advantage of the proximity of EU markets. This system has to be integrated 
with a strong transformation and marketing system, better connected with the bigger 
international trade flows and often mediated by transnational companies based in the EU. So the 
Mediterranean region appears integrated into a broader European and world context, and is 
becoming more specialized in certain products: accordingly, to some extent it could be seen as 
the “garden of Europe”.
Generally speaking, the Mediterranean region shows a mixture of these agro-food systems, 
combined in different ways in different Mediterranean countries. A detailed description of the 
variability and patterns of the agro-food production is provided in Appendix I, Text Box. The 
analysis of the distribution of these models reveals the a clear distinction between EU and 
SEMC countries. The latter show the continuing importance of the traditional system, and are 
also characterized by different combinations of export- and import-based systems. Due to its 
common market organization and its agro-food surplus, marginal traditional production patterns 
are declining.
In fact, the agro-food sector in the Mediterranean countries has been traditionally based on 
small- or medium-scale concerns, while only a limited share is cost-efficient. On the other hand 
multinational groups operate in the region, due to the strategic importance of the food market 
which accounts for about 400 million potential consumers. There is an evident distinction 
between the EUM and SEMC in this sense as well: in the former more than 200 multinationals 
operate through approximately 1100 branches mostly concentrated in France, Italy and Spain, 
implying an average branch to group ratio of more than 5. However, in the SEMC only about 40 
operate with about 40 branches (30% concentrated in Turkey), giving a ratio slightly more than 
1. Detailed data are provided in Appendix I, Tab.3.13 and Fig.45.
Change in the Agro-Food Normalized Trade Balance (NTB) is a very useful indicator of the 
change of the degree o f  self-su fficiency of each country, showing the effect of agricultural and 
trade policies (Figure 1.18). Detailed data are provided in Appendix I, Tab.3.14 and Fig.46.
It is clear that Morocco and Turkey are the only countries having a strategy which has generated 
a clear agro-food positive balance, while countries such as Algeria or Libya have shifted their 
production patterns toward oil- and gas-exporting strategies. Analysing the evolution of the 
“openness index” (i.e. the ratio between the trade volume and GDP) of the agro-food sector, 
very important in all Mediterranean countries, almost all countries witnessed during the last 20 
years an increase from 20% to 50%, which means an overall increase of food trade.
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The worsening of the agro-food trade balance1 in most SEMC shows increasing foreign 
dependence over the last decades, especially in Algeria and Egypt, as shown in the following 
figure. Detailed data are provided in Appendix I, Tab.3.15, Fig.46. The Agro-Food Trade 
Balance has been negative for all Maghreb countries in the first half of the 1980s, due to a 
dramatic increase in imports of the most important food products: even Morocco showed 
negative values in that period, due to the increasing weakness of its overall agro-food production 
sector (Appendix I, Fig.47 and 48). This indicates a radical change in their agricultural systems: 
Syria and Algeria are witnessing trade balance surplus and agricultural deficit, while in Morocco 
and Turkey the opposite situation prevails. The case of Algeria is clear: this country initiated a 
substantial process of primary sector organization -the oil-led economic growth process- which 
brought about a concentration of resources in extraction activities to finance food imports.
Figure 1.18
Evolution o f the agro-food N orm alized Trade Balance (NTB)
from 1970 to 1990
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Agro-food Normalized Trade Balance
1 Agro-food trade balance is represented by the indicator called Normalized Trade Balance (i.e.NTB): it is defined 
as the ratio between the agro-food trade balance (Exp-Imp) and the trade volume (Exp+Imp) times 100, varying 
from +100 -indicating lack of imports- and -100, corresponding to lack of exports.
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The analysis of the agro-food trade flows between Mediterranean countries shows that 
production in SEMC is mostly oriented towards world markets (horto-fructiculturals and olive 
oil especially), while the production to domestic markets is relatively decreasing. Besides, a 
significant increase in cereals imports has taken place, reaching 30-40% share of total imports. 
Thus the SEMC represent the converse of EUM, where the hortifructiculturals, dairy products 
and raw agricultural products (skins, oilseed, textile fibers) have been increasingly imported, 
while cereal imports have been cut by about 50% during the last 10 years.
It is interesting to note that France, Greece and ex-Yugoslavia have improved their agricultural 
trade performance, because of their specialization in staple food. Italy, Spain, Portugal, Israel,
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Morocco, Tunisia, Syria, Egypt and Turkey have witnessed a shift of their profile from 
exporting to importing feedstuffs, due to the intensification of the nomadic traditional livestock 
breeding.
Only Turkey and Morocco maintain their exporter position, based on horti-fructiculturals, while 
Algeria and Libya are the most affected by food dependence, due to oil exports, which are 
declining and are no longer able to compensate the food demand rise.
It is possible therefore to say that there is an increasing food dependence in the Mediterranean 
countries on basic foods, without the supposed compensation from the export flow of typical 
Mediterranean foods. This clearly reveals the failure of the specialization pattern advocated by 
the global market approach based on current trade and economic criteria. In fact, the financial 
weight of the Mediterranean agro-food sector has been estimated as about 50 billions US dollars 
in terms of added value in 1990, three quarters concentrated in France, Italy and Spain, among 
which France alone accounts for 43%. Detailed data are provided in Appendix I, Tab.3.16, 
Fig.49.
The agro-food sector has witnessed during the last 25 years the reduction of its trade balance: 
the ratio exports/imports passed from 2/3 to 3/4, due to the relatively higher average increase of 
exports (9.4% versus 8.7%). The EUM represents three quarters of total imports and 90% of the 
exports of the Mediterranean region (Tab.3.2.4.4): the trade balance has increased from 0.52 to
0.86 during the last 25 years, as exports increased faster than imports (10.7% versus 8.5%).
On the other side, the SEMC are witnessing a deterioration of their agro-food trade balance, 
which passed from 1.1 to 0.48 over the same period, due to the relatively higher growth in 
imports (about 9%) versus exports (5.3%). Among the SEMC Turkey shows a trade balance 
surplus, while Maghreb and Machreq countries show a spectacular deterioration of the same 
parameter (from about 1 to 0.2), because of the higher yearly import rise (9-10% versus 2-3% 
for exports). Detailed data on Agro-Food NTB and yearly rates of Export and Import are 
provided in Appendix I, Tab.3.17.
3.2.5 Mediterranean agro-food production systems and policies
The share of agricultural employment and added value in long industrialised countries tends 
towards 2-3%, while in some SEMC regions it can be as high as 50%. This small piece of 
evidence points out the constant penetration of the agricultural sector into that complex of 
company, economic and organizational functions known as the agri-marketing system. It has 
passed in industrialised countries from a product-oriented to a market-oriented sector.
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The difference between these two patterns is in the agricultural market for production: this is 
defined as the economic place in which agricultural purchasers sell the product obtained in their 
own farm with the degree of utility requested by the purchasers. This comes from the term 
“purchaser”, meaning an economic agent different from the consumer, and the term “utility 
requested” is related with the number of market functions which can be incorporated into the 
product sold by the producer. In general, the degree of utility incorporated into a product sold 
by the agricultural producer rises with increasing subdivision of trade.
In the GATT negotiations the objectives and methods for controlling agricultural prices have 
differed substantially between the EU intervention price and US deficiency payment approaches. 
Control methods can easily be changed, while objectives, being political, are much more 
difficult to change. In the past, when the share of the product sold with a low degree of utility 
was relatively low, one of the main functions of the agricultural market was production 
concentration, optimizing the matching of supply with demand.
At this point the closed market began to join up with the open market: these transitions were led 
by socio-economic factors. They are essentially the economic structure, the industrial processing 
and distribution sectors and the structural variation of demand. This has led to the widening of 
differences in the agro-food system in the Mediterranean (Segre, 1991).
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4. Concluding remarks: the EU and the Mediterranean region 
between globalization and marginalization: a future dilemma?
The EU is working with a policy framework to promote sustainable development in the 
Mediterranean. This represents an overall change in socio-economic, technological and 
cultural relationships between the EU and the southern rim of the Mediterranean, promoting 
cooperation and sustainable development. Key-issues are identified and policy 
recommendations for promoting cooperation together with sustainable developmet have been 
examined.This allows to distinguish between scenarios where only market forces operate, i.e. 
trend, from those dominated by sustainability and cooperation, i.e. active. The role of 
technology as a driver is apparent, but integrated into a broader socio-economic policy 
framework as the basis for the new culture of sustainability.
Statistical evidence (Renner, 1997) suggests that:
♦ during the last three decades globalization has brought about contradictory results for “less 
developed” countries seeking to catch up with the more advanced ones: some -most 
notably in Asia- have grown, whilst others -such as Africa- have fared less well;
♦ technological change has progressively accelerated the substitution of labour by capital.
The main actors in globalization are the Trans National Corporations (TNC), which have been 
very powerful in recent decades,2 and have contributed significantly to the dramatic increase of 
international trade flows as well as of Foreign Direct Investment on a world scale.
However, economic and financial figures reveal that industrialized and post-industrialized 
economies have been increasing their mutual economic interactions — triadic globalization, ie. 
among EU, USA and Japan (Amoroso, 1996; Gomez y Paloma, 1993) — reversing the old 
model according to which the less industrialized world attracted investments from the 
industrialized one on account of both its abundant and cheap labour and its raw materials. The 
resulting marginalization consists of the progressive exclusion of less industrialized economies 
from certain very profitable phases of economic activity, which has major influence in 
jeopardizing sustainable development.
In the case of the Euro-Mediterranean area these developments have consisted of growth 
accompanied by only moderate job creation in the EUin the late eighties (UNDP, 1993) and 
unemployment without growth in most Southern and Eastern Mediterranean Countries 
(SEMC). For example, per capita GDP growth in Egypt decreased from a yearly average of 
2.8% from 1960-1970, to -0.8% per annuum on average in 1990-19943. The same downward 
trend affects most of the bigger SEMC, i.e. Algeria, Tunisia, Morocco and Turkey (Bensidun 
and Chevalier, 1996, p53) At the same time unemployment has increased sharply all over 
SEMC since the 1980s; it reached about 20% in these major SEMC countries in 1993-1995 
(Bensidun and Chevallier, 1993, p20).
At an institutional level, the international policy agenda is pervaded by a wave of proliferating 
supra-national institutions embracing meso-regions, e.g. Independent Community States, Union
2 Nowadays, in many cases the economic size of a Trans-National Corporation is bigger than that of a Country, e.g. 
at the beginning of the 1990s General Motors (GM) turnover was roughly double then Algerian GDP, one of the 
biggest south-east Mediterranean economies. GM turnover was 96,640 Millions ECU in 1990 (Eurostat, 1994), 
whereas Algerian GDP was 48,700 Million USD in 1992 (The Economist Intelligence Unit, 1994). This 
quantitative relation may legitimate the question of a structural imbalance today existing between private economy 
and public national bodies.
3 It should be borne in mind that the period 1990-94 was a recession.
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du Maghreb Arabe, NAFTA, Mercosur etc. In line with this process, EU policy is 
implementing actions intended to set up the Euro-Mediterranean Free Trade Area by 2010. All 
these institutions — which are being constructed and run by national and international public 
bodies — as far as they are forms of mutual protectionism among groups of countries, have 
been created with the more or less explicit purpose of promoting a ‘virtuous’ economic cycle 
within the weakest economic pole and a fortiori minimizing the negative effects of triadic 
globalization.
In this context it is essential to explore the recent developments underlying EU policy for the 
Mediterranean region. Its new philosophy is epitomised in the Barcelona Declaration (27-28 
November 1995), which followed the Declaration of Tunis and the EU Council Conference of 
Cannes (26-27 June 1995). The challenge underlined in these documents is to define a 
multilateral framework dedicated to creating a ‘common space of shared prosperity’, peace and 
security, which is the prerequisite for a wider political, socio-economic, human and cultural 
dialogue (Commission of the European Communities, 1996a, Speech by Manuel Marin) 
between the EU and the 12 SEMC — from Turkey to Morocco, excluding Libya — aiming to 
promote sustainable growth and stability right around the Mediterranean basin. This space of 
co-operation has been defined as the Euro-Mediterranean Association (or Partnership), and it 
is based on three main pillars: (i) dialogue on policy and security, (ii) economic and financial 
co-operation, (iii) human and cultural exchange (Commission of the European Communities, 
1996b, Barcelona Declaration, pp. 9, 10,11).
The objective is clear: promote a common area as a pre-requisite for a wider political, socio­
economic, environmental and cultural dialogue, aimed to promote both sustainable growth and 
stability right around the Mediterranean region. The development dynamics will be restructured 
on a wider Euro-Mediterranean scale, moving progressively from the marginalization of the 
SEMC towards the co-development of all Mediterranean countries. Technology can clearly play 
a pivotal role in this process: for example, with a strong technological cooperation the EU could 
significantly increase food productivity (Plan Bleu, 1989, pp.75-115; detailed figures are 
provided in Appedix I, Tab.4.1 to 4.4, and Figs.50 to 53).
The setting up of the Euro-Mediterranean Free Trade Area could be the starting point and the 
basic tool of this process, establishing a space of free movement of people, goods, services, and 
capital, which would become operative from the year 2010, and which will start with the 
liberalization of industrial products trade and gradually extend to agricultural produce.
Despite the wide spectrum of topics approached in the Euro-Mediterranean Association, the 
actions which will mostly affect the future socio-economic and political dynamics in the Euro- 
Mediterranean context are expected to be (i) progressive liberalization of the movement of 
capital, goods and services, ie. the Euro-Mediterranean Free Trade Area (FTA) by 2010, 
(Commission of the European Communities, 1996b, Barcelona Declaration, pp. 9, 11, 13) (ii) 
increasing mobility of a selected labour force, e.g. young people, officials, students, professors, 
entrepreneurs, businessmen and sportsmen, all around the basin (Commission of the European 
Communities, 1996c. Programme de Travail, pp. 16, 19, 20).
As a consequence, implementation of these actions raises new questions as to their repercussions 
for local economies and societies. An overview of the main socio-economic profiles of the Euro- 
Mediterranean space may help in understanding the Euro-Mediterranean playing field. In fact, 
the Euro-Mediterranean Area crosses regions with very great socio-economic variations: there is 
evidence to suggest that economic disparities affecting the Euro-Mediterranean space —and 
corresponding differences in techno-economic systems —may jeopardize the implementation of
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these processes and widen existing gaps. These prospects imply that current socio-economic 
profiles, including demographic and migration trends, of entities — e.g. EU Member States as 
well as Southern and Eastern Mediterranean Countries — will be radically affected.
In this light, analysis of the socio-economic gaps between the EU and SEMC highlights the 
prospects for technology to reduce socio-economic disparities, whose role in Euro- 
Mediterranean policies are expected to be pivotal. In fact, in the absence of successful 
technology transfers and appropriate redistributive mechanisms within less developed countries, 
the displacements suffered by large parts of the population in these countries may result in 
destabilization and further migratory pressures, particularly when the largest employer -i.e. 
agriculture- is exposed to competition by more efficient producers (a pattern which has already 
become evident in recent years). In this light it is clear that the agro-food sector could be an 
interesting case study in which to examine the possible contradictions between the two trade 
philosophies, as the logic of the globalised market could impede the achievement of the socio­
economic objectives of the Euro-Mediterranean sustainable co-development policy.
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5. The Olive Oil Sector
Its market prospects, supported by political and technological developments, identify the olive 
oil sector as a promising industry to promote sustainable development in the Mediterranean. 
Literature review, tailor-made modelling and expert interview are the main tools o f this study. 
World demand and supply patterns and prospects are analysed, and related policy scenarios for 
promoting sustainable development are identified and explored: olive oil shows promising 
market and technological prospects if the related policies are correctly formulated. Otherwise 
existing gaps could widen, and sustainable develoment become an even tougher task.
5.1 Olive oil in the Euro-Mediterranean area: a chance for sustainable 
development
In the light of the analytic approach and political objectives discussed in the previous sections, 
the olive oil industry is identified as a very promising part of the agro-food sector for the 
objectives of sustainable development and Euro-Mediterranean policies for cooperation to be 
fulfilled. These are the main reasons:
—► it is an integral part of the environment, society and culture of the Mediterranean;
—► economic and technological prospects for increasing demand for the product are promising;
—► it has a major influence in determining socio-economic, environmental and cultural systems 
where unemployment and poverty are particularly high.
Accordingly, the most important features of the olive oil sector are examined in this section:
♦ socio-economic profile;
♦ historical and cultural importance;
♦ policy frameworks, prospects and scenarios.
The following Part II of the study will deepen the analysis of a very important aspect for 
sustainable development of the olive industry, i.e. market prospects. The overall market forces 
determining the demand and supply profiles according to the scenarios identified in this phase 
need a separate study. As they constitute a pivotal issue for the achievement of sustainable 
development, they are examined, explored and modelled within the analysis of the overall 
oilseed complex in Part II, to identify the drivers, mechanisms and dynamics that can be 
expected or predicted according to the different policy scenarios. Technology will be a pivotal 
factor in addressing these objectives.
The last part of the study, Part III, will consider the remaining issues which are relevant to 
sustainable development, i.e. history, human geography, technology, rural environment, society, 
environment and culture. A dedicated field study is developed there to consider all these aspects.
5.2 Olive oil, a typical Euro-Mediterranean question: socio-economic profile
The olive tree has been a symbol and a characteristic of the Mediterranean societies, economies 
and cultures since ancient times. This is due to particular agro-ecological and botanic 
characteristics that olives have developed throughout their history (whose details can be found 
in Appendix I). The Mediterranean region remains the most important producer and consumer of 
olive oil; it produces 97% of the world’s olive oil and consumes 91% of it. Southern EU 
countries take the lion’s share with approximately three quarters of world production and 
consumption. In the Mediterranean, olive oil generates direct income for about 7 million 
families and indirectly supports 30-35 million families in less favorable areas. 71% of
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employment in the industry is located in Southern and Eastern Mediterranean countries (SEMC) 
while their share of world production does not exceed 20%. The opposite situation exists in EU 
producer countries which account for only 27% of employment but 76% of the world 
production.
Olive oil’s healthy image is causing a remarkable rise in demand worldwide, particularly in 
wealthy markets. As a consequence some SEMC (Tunisia, Morocco, Syria) are investing 
heavily in the olive oil sector, but they remain technologically dependent on the EU producer 
countries, which are also raising their productivity and quality through technological 
innovations. These innovations are also improving both the environmental and competitive 
profiles of their production patterns, but are reducing employment dramatically.
5.3 Historical importance of the olive
The origin of the olive tree is lost in time, coinciding and mingling with the expansion of the 
Mediterranean civilizations , leaving an important imprint in their cultural patterns.
The wild olive tree originated in Asia Minor where it is extremely abundant and grows in thick 
forests. It seems to have spread from Syria to Greece via Anatolia, although other hypotheses 
point to lower Egypt, Nubia, Ethiopia, the Atlas mountains and certain parts of Europe as its 
source area. However, it is certain that Asia Minor was the birthplace of the cultivated olive 
some six millennia ago. The Assyrians and Babylonians were the only ancient Mediterranean 
civilizations not to be familiar with the olive tree.
Taking the area that extends from the southern Caucasus to the Iranian Plateau and the 
Mediterranean coasts of Syria and Palestine to be the original home of the olive tree, its 
cultivation developed in these last two regions, spreading from there to the islands of Cyprus 
and on towards Anatolia or from the island of Crete toward Egypt (represented in Appendix II, 
Fig-16).
In the 16th century B.C. the Phoenicians started disseminating the olive through the Greek isles, 
later introducing it to the Greek mainland between the 14th and 12th centuries B.C.: its 
cultivation increased and gained great importance in the 4th century B.C. thanks to the decrees 
of Solon which strongly promoted olive plantings.
From the 6th century B.C. onwards, the olive spread throughout the Mediterranean countries 
reaching Tripoli, Tunis and the island of Sicily; from there it moved to southern Italy. Some 
authors maintained that the olive tree in Italy dates back to three centuries before the fall of Troy 
(1200 B.C.). Other authors defend the traditional view that the first olive tree was brought to 
Italy during the reign of Lucius Tarquinus Priscus (616-578 B.C.), possibly from Tripoli or 
Gabes. Cultivation moved from south to north, from Calabria to Liguria. When the Romans 
arrived in northern Africa, the Berbers already knew how to graft wild olives and had already 
developed its cultivation throughout their territories.
The Romans continued the expansion of the olive tree all along the Mediterranean coast, using it 
as a peaceful weapon to "settle" the population. It was introduced in Marseilles around the year 
600 B.C. and spread from there to the whole of Gaul. The olive tree made its appearance in 
Sardinia in Roman times while in Corsica it seems that olives were introduced by the Genoese 
after the fall of the Roman empire.
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Olive growing was introduced into Spain during the maritime domination of the Phoenicians 
(1050 B.C.), but did not develop notably until the arrival of Scipio (212 B.C.) and Roman rule 
(45 B.C.). After the third Punic War, olives occupied a large stretch of the province of Baetica 
(the Guadalquivir valley) and spread towards the central and Mediterranean coastal areas of the 
Iberian peninsula. Finally, the Arabs brought their varieties with them to the south of the Iberian 
peninsula, and influenced the spread of cultivation so much that the Spanish -and, equally, the 
Portuguese- words for olive (aceituna), oil (aceite), and wild olive tree (acebuche) come from 
the Arabic.
With the conquest of America, olive farming spread beyond its Mediterranean confines. The 
first olive trees were carried from Seville to the West Indies and later to the American continent. 
By 1560 A.D. olive groves were being cultivated in Mexico, then Peru, California, Chile, and 
Argentina, where one of the plants brought during the Conquest — the old Arauco olive tree — 
lives still today. In modern times the olive tree has continued to spread outside the 
Mediterranean and today is farmed in places as far removed from its home area such as South 
Africa, Australia, Japan and China.
In this light it has been reasonably said that “where the olive tree ceases, the Mediterranean ends 
too” (lOOC,
5.4 Cultural importance of the olive: the olive tree in ancient cultures.
In almost every culture the tree holds an important symbolic value. The roots cling tightly to the 
earth and stretch downwards towards the nether regions; the trunk stands up in the world of 
mankind while the crown reaches towards the unreachable. It offers life, food and protection, 
and symbolizes longevity, fertility and maturity.
Ancient remains proving the existence of the olive tree are to be found the length and breadth of 
the Mediterranean, standing as millenarian witnesses that engage us to follow in the trail of this 
old and noble tree. In almost every culture of the Mediterranean the olive tree is intertwined 
with the origins of the people who inhabited the basin, who raised it to the status of a sacred 
tree, a gift from the gods, worthy of being adored and defended. Monarchs’ scepters were made 
of olive wood and olive oil was used -and still is- to anoint sovereigns and priests.
Legend has it that Adam, when close to death, invoked the word of the Lord who had given him 
the oil of mercy for his redemption and that of all mankind. He sent his son Seth to beseech the 
cherub that watched over the mountain where the Garden of Eden stood. The cherub took three 
seeds from the tree of knowledge of good and evil and told Seth to place them in the mouth of 
Adam once dead. When Adam was buried on Mount Tabor the three seeds germinated, sending 
out roots, and later three stems formed an olive tree, a cedar and a cypress, the three most typical 
trees of the Mediterranean.
Six thousand years ago the Egyptians credited Isis, Osiris’ wife and greatest among goddesses, 
with teaching the cultivation and uses of the olive. The Greeks considered Pallas Athena, the 
goddess of peace and wisdom, bom miraculously from the forehead of her father Zeus, after the 
pregnant Metis, to be the fountainhead of the olive tree. Cecrops founded a small colony in 
Attica in the 17th century B.C. which attracted the inhabitants of the area who had been nomads 
until then. Pallas Athena and Poseidon disputed the honor of giving the town its name, and so 
the assembly of the gods agreed to grant that honor to whichever of the two contestants provided 
the most useful invention. Poseidon, striking the ground with his trident, brought forth a 
magnificent horse, swift, strong and brave. Athena made an olive tree sprout, “capable of giving
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a flame for lighting up the night, of soothing wounds, of being precious food, both rich in flavor 
and energy”. Therefore the olive tree was judged the most useful gift to man, thus granting 
Athena sovereignty over the region and the city which bears her name.
The olive tree that sprouted from the Acropolis was considered sacred and guarded by warriors 
dedicated to its defense. When enemies approached, all the citizens gathered inside the walls, 
close to the olive tree, until the danger had passed. Later, during the Median wars and following 
the burning of the Acropolis by Xeres, the Athenians returned to their city to find the 
monuments destroyed but the olive tree planted by Athena, although burned, had sprouted new 
roots, overcoming the destruction and earning itself the symbol of immortality.
The Romans believed that Romulus and Remus, descendants of the gods and founders of Rome, 
saw the first light of day for the first time beneath the branches of an olive tree. A Roman 
legend has Hercules as the instigator of the olive’s expansion throughout the Mediterranean 
basin, because every time he struck the ground with his olive club it sent out roots and an olive 
tree sprang up, symbolizing the power, wisdom and justice of the Romans spreading throughout 
the whole region.
Within the Semitic world, the Bible is the richest source of information on the religious and 
culinary uses of olives. In Genesis, the dove set free by Noah returns to the Ark in the evening 
carrying in its beak a small, green olive branch, a sign of reconciliation between the Lord and 
man. The olive tree was an exceptional witness to the life of Jesus Christ, who prayed in the 
Garden of Gethsemane on the Mount of Olives (some of them still living), and was buried 
amongst olive groves.
The Koran speaks of the silvery tree and exalts Allah and his Light as coming from olive oil 
from a blessed tree, which no fire touched. This is a metaphor of the path of Allah, through 
which he guides whom He wills, light upon light.
Scientific books of the Greek and Roman times are full of references to the olive tree and its 
produce. Cato lists in his treatise “ On Agriculture” the material necessary for the cultivation of 
olives, as Plinius the Elder does in his "Natural History". Columella in his “Treatise on 
Agriculture” states that it is the tree that incurs the least expense, even though it is the first in 
importance. Apicius, in his "Re Coquinaria", constantly mentions olive oil from Spain for his 
two thousand year old cookbook. Odes to the silvery tree, tree of nourishment and blessings are 
found all over the civilizations of the Mediterranean region.
5.5 Needed: sustainable strategies and policies between competition and 
cooperation
European olive oil has up until now received heavy subsidies for production, consumption and 
trade levels through the CAP (Common Agricultural Policy). However, the GATT agreements 
prescribe a less protected and more globalized market for olive oil, and the EU is to cut a 
significant share of its subsidized global exports. In this light international competition is 
expected to mount. Countries outside the Mediterranean basin are also making significant 
investments in the sector (e.g. Argentina and Australia, which is increasing its olive cultivation 
at a yearly rate of 1 million trees; taken from Garing, 1997, p50).
Drawn by these prospects, some companies are trying to introduce vegetable oil blends in EU 
market: a specific Text Box has been dedicated at the end of Appendix I, as an illustration of the
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distortion that market and technological forces alone impose if the political response is not 
consistent with sustainable development objectives.
The EU objectives clearly need to be defined at this stage. In fact, driven by favorable market 
and technological prospects, the SEMC could increase both olive oil production and quality. On 
the one hand this would open up new opportunities for winning significant market shares, 
stabilizing rural populations, reducing poverty and thus alleviating migration dynamics. On the 
other hand the SEMC could provide competition for EU producer countries.
In this light, it is clear that olive oil could become a promising opportunity for all producer 
countries, enabling the Mediterranean countries to share sustainable growth with the help of the 
transfer of technology through scientific, financial, social4 and cultural cooperation. In this 
light, technology is called upon to respond to new ethical priorities, thus assuming the role of 
"intelligent technology". Its use could become "appropriate" aiming to enable job-sharing, 
environmental and cultural objectives throughout the whole Mediterranean region, without 
exacerbating the existing gaps.
Finally, the case of olive oil may be interpreted as a case study in the real dynamics of 
“solidarity” and “employment-sharing” between the northern and southern countries of the EU 
and between the EU and the Mediterranean Partner countries of Maghreb and Machreq. As a 
consequence, there is a need for cautious policies in order to take full advantage from this real 
playing-out of the philosophy of sustainable development and cooperation . In fact, as regards 
EU policy, clear strategies should be promoted to address sustainable development and Euro- 
Mediterranean cooperation. The growing market for olive oil, together with the technological 
capacity to increase olive oil production dramatically, may lead to important political and 
market conflicts between the EU member States and between the EU and Mediterranean Partner 
countries.
For these reasons, it is important to set up policies consistent with sustainable development 
objectives. Accordingly, different strategies for socio-economic and technological cooperation 
can be outlined between producer countries (i.e. active scenarios) in juxtaposition to scenarios of 
pure competition (i.e. trend or passive scenarios). Technology will be a pivotal factor in 
addressing these objectives.
Accordingly , the overall demand and supply profiles of the olive oil 
industry within the whole of the oilseed complex will be focused in the following section, 
where market and policy implications of these scenarios will be identified and explored.
In fact, major socio-economic impacts are expected. The fact that the ‘trend’ scenario of totally 
open competition implies little technological cooperation between the EU and the SEMC means 
an open race between the producer countries to achieve increased productivity and 
competitiveness, and growth in market share through product and market differentiation.
In the EU producer countries this may lead to a drive for stronger technology but could also 
cause more employment losses. On the other hand SEMC will try to achieve an acceptable 
quality level using its existing technology. This would create a favorable environment for profit- 
seeking investments by large transnational companies, which could easily benefit from both the 
relatively low labour costs in the SEMC and the higher technology available in the EU.
4 We prefer ‘social cooperation’ to ‘human cooperation’ invoked by some authors, who assume a more limited 
meaning of the term cooperation, i.e. between single groups of persons rather than between whole societies and 
cultural systems.
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Overall, a shift from labour to capital intensive activities is expected, as well as from low to 
higher skilled jobs. Finally, this could have a negative effect on employment throughout the 
Mediterranean region and worsen rural depopulation.
The ‘active ’ (or ‘forum’) scenario embodies willing cooperation between the EU and the SEMC. 
In this scenario olive oil could become a key-activity for the related market-based objectives to 
promote cohesion. This co-development strategy has to define the scope for competition and 
complementarity between the different production patterns of each country, based on a ‘deep 
integration’ model (so-called ‘partenariat’). For this purpose it is necessary to promote a 
concerted multilateral decision process between EU and the SEMC which could optimize the 
potentialities for sharing growth and jobs. Otherwise the existing gaps could be exacerbated, 
embittering both social and economic tensions. Accordingly, the EU and SEMC should work 
together, as they would share common goals such as maximizing income, jobs, and world 
demand for their products, so as to alleviate poverty, rural depopulation, migration and pressure 
on the environment.
In this light ‘intelligent’ technology is crucial to the expected EU Mediterranean policies: its 
"appropriate" role must give priority to the opportunities for employment and growth sharing 
throughout the whole Mediterranean region by exploiting the comparative advantage of each 
region.
This political choice could allow the classic option of product and market differentiation to be 
integrated with strategies for controlled mobility and training of the labour force throughout the 
Mediterranean region, i.e. so-called ‘horizontal’ migration in the agricultural sector. 
Accordingly, optimization of employment growth and structure in the olive oil sector should be 
focused on the whole Mediterranean region, making it possible to direct both world market 
prospects and technological choices toward the objectives of sustainable development, which 
imply social justice and equity.
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6. Conclusions
The objective of this part of the dissertation has been to provide the framework for the study: 
identify what we think sustainable develoment is and provide a consistent methodology to 
assess it. A critical overview of the main principles, visions, definitions and tools related with 
sustainable development has been the first step. Key-issues have been identified, leading to an 
operational definition of sustainable development and a tailor-made methodological approach to 
assess it, i.e. an extended version of LCA. As promoting sustainable development is a tough 
task, due in part to its global dimension, this approach is promising as it enables analysis at 
different scales and levels. Literature review and expert interviews are the main tools of this 
study.
Accordingly, starting from a general overview of the Mediterranean region, the most relevant 
issues for sustainable development have been identified and explored. In fact, the countries of 
the Mediterranean basin share many common problems and belong to an integrated regional 
system which is fragile and overexploited: the increasing gap between the northern and southern 
shores of the basin constitutes the most significant impediment to sustainable development in 
the whole region.
Already in the short to medium term an important alert horizon has been identified: 
demographic explosion, environmental degradation, growing poverty and food dependence all 
call for a concerted and strategic approach for the whole region, synthesized in the concept of 
partenariat between all the economies of the region.
The new paradigm of the Euro-Mediterranean partenariat should promote the growth of 
competitive economies between the EU and all the other basin countries. The first challenge is 
to foster -in the light of sustainable development- a larger trade area around the basin 
characterised by free circulation of products, persons and capital. The aim is to promote, by 
2010, a common Euro-Mediterranean space of shared prosperity, aiming to advocate a broader 
dialogue between the EU and other Mediterranean countries.
The agro-food sector has been identified as a crucial key-issue for these purposes: it is an 
important convergence of the needs for food and work of the rapidly growing population of the 
southern and eastern shore of the Mediterranean, where rising poverty is an additional cause and 
effect of environemental degradation. Even though, the agro-food sector has been only partially 
included in the plans of the Euro-Mediterranean agreements. This represents a possible 
contradiction between the international trade philosophies of a globalised open market and the 
Euro-Mediterranean cooperation. This underlines the necessity for clear actions in the EU 
Mediterranean policy which promote the multilateral decision process involving all the 
Mediterranean countries, to define the grounds for competition and complementarity between 
their different agricultural and food production patterns.
Labour intensive and dry farming agricultural activities should be prioritised as one of the most 
sustainable options in the broader Mediterranean context, fulfilling simultaneously the 
objectives of environmental, social and cultural preservation. In this light, olive oil has been 
identified as one of the most dynamic and promising sectors to promote sustainable 
development in the Mediterranean. The most significant socio-economic, technological, agro- 
ecological and cultural aspects of the olive oil industry have therefore been explored, and 
consistent policies have been outlined. The analysis shows that policies concerning market
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organization are pivotal to sustainable development; they are analysed in the following part of 
the study (Part II). Even if these policies are formulated correctly in market terms, they have to 
fulfil all the other requirements of sustainable development that have been identified in Part I,
i.e. social, economic, environmental and cultural. These dimensions are analysed in the last part 
of the study (Part III).
The role of technology -interpreted as the patterns by which human societies orgenize 
production activities- therefore appears to be pivotal. It should incorporate sharing of 
employment, environmental and cultural objectives: the technological choice should consider 
the classical option of product and market differentiation without excluding strategies for the 
controlled mobility and training of the labour force throughout the whole Mediterranean region 
(i.e. “horizontal” migration in the agricultural sector).
Only this "appropriate" use of technology in the Euro-Mediterranean policy of co-development 
can realise the potentialities for sharing growth and employment all around the basin without 
exacerbating the existing gaps, targeting both market and technological developments towards 
the objectives of social justice and equity, as essential components of sustainable development.
70
References of Part I
AGRODATA, 1990, Les 100 premiers groupes agro-alimentaires mondiaux, 2voll., CIHEAM- 
IAM, Montpellier.
Allaya, M., et al. (i.e., Cazalet, L, Grossy, L.), 1993, Medagri, annuaire des economies 
agricoles et alimentaires des pays mediterraneens et arabes, CIHEAM/IAM, Montpellier, 
370pp.
Amato, A., 1991, "Le politiche della CEE per i Paesi del Mediterraneo: 
damm'Eurocentrismo alia cooperazione regionale", Primo rapporto mediterraneo, 
CNEL-Roskilde University, Roma-Roskilde.
Amoroso, B., 1996, Della globalizzazione, edizioni La Meridiana, Molfetta (Bari).
Anderson, V., 1991, Alternative Economic Indicators, Rouledge, London.
ASEAN, 1985, Agreement on the Conservation of Nature and Natural Resources, Preamble. 
yiodsQg. jzJ- ~ 77£ .
Badillo, £)., 1980, Strategies agro-alimentaires pour VAlgeria -  Prospective 2000, Edisud, La 
Caladen Aix-en-Provence.
Barcelona Conference, 1995, Texte integrale, Barcelona, 27-28 November 1995.
Beckenbach, F. and Pasche, M., "Nonlinear Ecological Models and Economic Perturbation" -  
Sustainability as a Concept of Stability Corridors", in Universite Pantheon-Sorbonne, 1994, 
pp.859-875.
Bensidoun, I, and Chevallier, A., 1996(a), Europe-Mediterranee: le pari de Vouverture, 
Economica, Paris.
Bensidoun, I, and Chavallier, A., 1996(b), Euro-Mediterranee: le pari de Vouverture, Seminaire, 
Mediterranee-Monde Arabe-Europe, Commissariat General du Plan, 1-st July 1996, Paris.
Bistolfi, R. (ed.), 1995, Euro-Mediterranee -  Une region a construire, Publisud, Paris, 331pp.
Bonazzi, M. 1998. “Between globalization and Marginalization: the Dilemma of 
Sustainable Development”, oral paper presented at the International Conference 
Sustainable Agriculture for Food, Energy and Industry, FAO-FAL, Brauschweig, 
Germany; June 1997.
Bonazzi, M., 1996, II mercato dei diritti di emissioni inquinanti: metodologie, stato dell’arte e 
una proposta per Vltalia, Executive Summary Series EUR 17269 IT, December 1996, Institute 
for Prospective Technological Studies, Joint Research Center, Europen Commission, Seville.
Bonazzi, M. and Gomez y Paloma, S., 1997(a), “La Union Europea y la region Mediterranea: 
^un futuro dilema?”, Proceedings from the Congress Andalucia en Europa y el Mediterraneo, 
organized by the Fundacion Jose Diaz, Caja Sur (Obra Social y Cultural), Cordoba 7-11 April 
1997.
71
Bonazzi, M. and Gomez y Paloma, S., 1997(b), The EU and the Mediterranean Region: a 
Future Dilemma?, IPTS Report n° 14, IPTS, Joint Research Centre, European Commission, 
Seville.
Bonazzi, M. and Rivella, E., 1995. Metodo operativo per la V.I.A. delle infrastrutture lineari di 
trasporto. Metodo di Analisi degli impatti sulle componenti naturali: Applicazione ad un caso di 
studio, Rapporto Finale, June 1995, C.N.R. - Ecoplan, Turin-Rome, 1995, pp.7-29. Ecoplan- 
National Research Council, Progetto Trasporti II, Turin, Italy.
Bresso, M., 1993, Per un’Economia Ecologica, La Nuova Italia Scientifica, Roma.
Chevallier, A., 1995, "Les echanges commerciaux Euro-Mediterraneens", in Bistolfi (ed.), 1995, 
pp.265-289.
CIHEAM, 1994, Equilibre alimentaire, agriculture et environnement en Mediterranee, Actes du 
Seminaire, Malte, 21-22 Octobre 1993. Options Mediterraneenes, Ser.A/n°24, CIHEAM, 
Montpellier.
CIHEAM, 1995, Les agricultures magrebines a Vaube de Van 2000, Options Mediterraneenes, 
Ser.B/n° 14, CIHEAM, Montpellier.
Clayton, A.M. and Radcliffe, N.J., 1996, Sustainability - a system approach, Earthscan, London.
Clift, R.,1995. "The new industrial ecology", in Castle and Kelly (eds.), 1995, pp. 129- 
143.
Clift, R.,1994. "Life Cycle Assessment and Ecolabelling", J.Cleaner Production 1: 155- 
159.
Clift, R., et si.,(i.e. Frischknecht, R., Huppes, G., Tillman, A.M., Weidema, B.), 1998. ”Towards a 
coherent approach to Life Cycle Inventory Analysis”. Draft Report by the SETAC-Europe Working 
Group on Life Cyicle Inventory Analysis”. To be published by SETAC-Europe, Brussels.
Clift, R., et al, 1997. Report of SET AC Working Group on Inventory, Draft. SET AC, 
Brussels.
Clift, R., et si.,(i.e. Azapagic, A., Cowell, S., Doig, A., Hogan, S., Solberg-Johansen, B.) 1996. 
"Allocation in Life Cycle Inventory Analysis. Draft Report for Groupe des Sages”. Centre for 
Environmental Strategy, University of Surrey, Guildford, England.
Clift, R., et al. (i.e. Cowell S. and Doig, A.), 1995. “A case study of LCI by allocation 
and system extension: straw”. International Workshop on LCA and treatment o f solid 
waste, IVL, Stockholm, 28-29 September 1995.
Clift, R. et al. (i.e. Burningham, K., Loefsted R.), 1995, Environmental perspectives and 
environmental assessment, University of Surrey, Guildford, UK.
Clift, R., and Longley, A.J., 1994, "Introduction to Clean Technology", chapter 6 in Handbook 
of Clean Technology, Kirkwood, R.C. and Longley, A.J., (eds.), Blackie, Glasgow.
72
Cobb, C. and Cobb, J, 1994, The Green National Product, University of Americas Press, 
Lanham, Md.
Commission of the European Communities, Communication de la Commission au 
Conseil du 8 mars 1995 - COM(95)72 final, Brussels.
Commission of the European Communities, 1996, (a) Speech by Manuel Marin and (b) 
Barcelona Declaration, (c) Programme de Travail. In La conference de Barcelone et les 
Accords euro-mediterraneens d ’Association, MEMO/95/156.
Conference of Tunis, Tunis Declaration, Med 21 Agenda, 1994, Tunis, 1-st November 1994.
Cowell, S., 1998. Environmental Life Cycle Assessment of Agricultural Systems: Integration into 
Decision-Making, PhD Thesis, Centre for Environmental Strategy, University of Surrey, Guildford, 
England.
Cowell, S. and Clift, R., 1995. “LCA for food production systems”, Proceedings of The 
Fertilizer Society, n°375. The Fertilizer Society , Peterborough, England.
Daly, H. and Cobb, J., 1989, For the Common Good-redirecting the economy towards 
community, the environment and a sustainable future, Green Print, London.
Diefenbacher, H., 1994, "The ISEW in Germany", in Cobb and Cobb, 1994.
Dietrich, M.E., 1994, "Environmental Resources and the Interest Rate", in Universite Pantheon- 
Sorbonne, 1994, pp.1033-1045.
Dimeglio, W, 1995, "Les delocalisations et le bassin mediterraneen", in Bistolfi (ed.), 1995, 
pp.135-145.
Easterling, J.R., 1974, "Does economic growth improve the human lot? Some empirical 
evidence", in David.P. and Reder, M., (eds.), Nations and Households in Economic Growth: 
essays in Honour of Moses Abramowitz, Academic Press, London and New York.
Economic and Social Committee, 1989, The Mediterranean Policy of European Community 
Brussels
Economic and Social Committee, 1991, Draft on the Mediterranean Policy o f European 
Community Brussels
Eisner, R., 1985, "The total Income System of Accounts", Survey of Current Business, January 
1985.
Ekins, P., and Jacobs, 1994, "Are Environmental Sustainability and Economic Growth 
Compatible?" in Universite Pantheon-Sorbonne, 1994, pp.655-669.
Erreygers, G, "Sustainability and Stability in a Classical. Model of Production", in Universite 
Pantheon-Sorbonne, 1994, pp.l 147-1159.
73
European Commission - The Consultory, 1995(a), Scientific Cooperation of the EU with Third 
Mediterranean Countries;, Brussels 1995.
European Commission DG XII - JRC - INRA, 1995(b), Atelier “Gestion des Ressources 
renouvelables dans les Economies Mediterraneenes” - L ’eau, le sol, la biomasse et la for et, 
Ispra 20-21 February 1995
European Commission, 1995(c), Communication de la Commission au Conseil du 8 
mars 1995 - COM(95)72 final, Brussells.
European Commission, 1994(a), Europe 2000+, Brussels.
European Commission, 1994(b), Communication to the European Parliament and European 
Council COM(94) 427, Brussels, 19 November 1994.
European Commission, 1993, The Future of the EEC-Maghreb Relations, Brussels.
EC (i.e. European Commission), 1992, Towards Sustainability-a European Community 
pogramme of policy and action in relation to the environment and sustainable development, 
COM(92) 93 final, volume II, CEC Brussels.
European Council, 1995, Background Documents of the European Council, Cannes, 26-27 June 
1995.
European Council, Reunion du Conseil du 8 mars, 26-27 June 1995. Brussels 
EUROSTAT, 1991, Basic Statistics of the Community, Brussels.
EUROSTAT, 1992, Basic Statistics of the Community, Brussels.
EUROSTAT, 1993, Basic Statistics of the Community, Brussels.
EUROSTAT, 1994, Basic Statistics of the Community, Brussels.
EUROSTAT, 1995, Basic Statistics of the Community, Brussels.
EUROSTAT, 1996, Basic Statistics of the Community, Brussels.
EUROSTAT, 1997, Basic Statistics of the Community, Brussels.
Factor Ten Club, 1994, The Camoules Declaration, Factor Ten Club, Camoules, France..
FAO, 1992, Trade Yearbook, Rome.
FAO, 1993, Food Balances 1992, Rome.
FAO, 1991, Production Yearbook, Vol.44, Rome.
FAO, 1990, The State of Food and Agriculture, Rome.
74
Gastaldo, S., and Ragot, L., "Une approche du developpement soutenable par les modeles de 
croissance endogene", in Universite Pantheon-Sorbonne, 1994, pp.233-245.
Georgescu-Roegen, N., 1971, The Entropy Law and Economic Process, Harvard University 
Press, Cambridge, MA.
Gizard, X., (ed.), 1993, La Mediterranee inquiete, DATAR/Editions de l'Aube, La Tour 
d'Aigues.
Gomez y Paloma, S., (ed.) 1993; Mediterranean and Baltic Essays on Contemporary 
Agricultural Systems, Roskilde Universitetscenter, Denmark.
Hervieu, B, 1994, "Les ressources humaines", in CIHEAM, 1994, Equilibre alimentaire, 
agriculture et environnement en Mediterranee, Actes du Seminaire, Malte, 21-22 Octobre 1993. 
Options Mediterraneenes, Ser. A/n°24, CIHEAM, Montpellier.
Infante, D., 1993, Industry, Innovation, and Regional Markets-Baltic and Mediterranean 
scenarios, EC Monitor-FAST Programme 1991-1992, Brussels
J7u .
Jacobs, M., 1991, The green economy-environment, sustainable development and the politics of 
the future, Pluto Press, London.
Jackson, T., 1996, Material concerns -  pollution, profit and quality of life, Routledge, London.
Jackson, T., and Marks, N., 1995, Consumption, Sustainable Welfare, and human needs, 
University of Surrey, Guildford UK.
Jackson, T., and Marks, N., 1994, Measuring Sustainable Economic Welfare, a pilot index 1950- 
1992, Stockholm Environment Institute, Stockholm.
Jackson, T., and Stymne, S., 1996, Sustainable Economic Welfare in Sweden, a pilot index 
1950-1992, Stockholm Environment Institute, Stockholm.
Kemp, R., 1994, "Technology and the Transition to a Sustainable Economy. Continuity and 
Change in Complex Technological Systems", in Universite Pantheon-Sorbonne, 1994, pp. 127- 
141.
Kuznets, 1967, "Population and Economic growth", Proc. Of the American Philosophical 
Society, vol. N°3, pp. 170-193.
Kyriakou, D., 1994, Sustainable Development: Towards a Synthesis, Report EUR 16297 EN, 
IPTS, Joint Research Centre, European Commission, Ispra, Italy (1-st edition).
Kyriakou, D., 1995, Sustainable Development: Towards a Synthesis, Report EUR 16297 EN, 
IPTS, Joint Research Centre, European Commission, Ispra, Italy (2-nd edition).
Le Houerou, H.J., 1991, "La Mediterranee en l'an 2050: impacts respectifs d'une eventuelle 
evolution climatique et de la demographie sur la vegetation, les ecosystemes et l'utilisation des 
terres: etude prospective", La Meteorologie, VII, series 36,4-37.
Liso, L., Saccomandi, P., 1991, Istituzioni di Economia del Mercato Agricolo, RED A, Rome.
75
Marini, G., 1994, "Intergenerational equity, Fiscal Policy and Environmental Sustainability", in 
Universite Pantheon-Sorbonne, 1994, pp.937-949.
Max Neef, M., et al. (i.e. Elizalde, A., Hopehayn, M.), 1991, HumanScale Development- 
conception, application and further reflections, Apex Press, New York.
Max Neef, M., 1995, "Economic growth and quality of life-a threshold hypothesis", Ecological 
Economic, vol. 15, pp.115-118.
Me Killop, W., et al., 1994, "Modeling the sustainable development of private forest resources", 
in Universite Pantheon-Sorbonne, 1994, pp351-359.
Ministere de 1* Enseignement Superieur et de la Recherche, 1995, Colloque “L*Europe de la 
Recherche et la Mediterranee”, Sophia Antipolis, 21-22 March 1995.
Ministero dellAgricoltura e della Rifoima Agraria, 1979, Annuario statistico, Roma.
National Research Council of Italy, 1996, Research and Training Programme for Third 
Mediterranean Countries, CNR, Naples 1996.
Nordhaus, W., Tobin, J, 1972, "Is growth obsolete?", in Economic growth, 15th Anniversary 
Colloqium V, National Bureau of Economic Research, Columbia University Press, New York.
O'Brien, M., et al. (i.e. Doig, A. and Clift, R.), 1996, "Social and Environmental Life Cycle 
assessment (SELCA) - Approach and Methodological Development", Int.J.LCA, vol.l n° 4, 
pp.231-236.
Obermayr, B., et al. (i.e. Steiner, K, Stockhammer, E., Hochreiter, H.), 1995, Die Entwicklung 
des ISEW in Oesterreich von 1955 bis 1992. Austrian Ministry of Environment, working paper 
series, Wien.
Odum, E.P., 1983, Basic Ecology, Saunders College Publishing, Philadelphia, PA.
OECD, 1995, Environment principles and concepts, OECD Working Papers n°84, vol.in, Paris.
OECD, 1975, The Polluter Pays Principle: Definition, Analysis, Implementation, reprint of 
OECD C(72) 128, Paris.
OECD, 1972, Recommendation of the Council on Guiding Principles concerning International 
Economic Aspects of Environmental Policies,.
Oswald, A., 1995, Happiness and Economic Performance, Mimeo Centre for Economic 
Performance, London School of Economics, London, November 1995.
Pearce, D., et al. (i.e. Markandya, A., Barbier, E.), 1989, Blueprint for a Green Economy, 
Earthscan, London.
Perez, R., 1994, "Les systemes agro-alimentaires mediterraneens", in CIHEAM, 1994, Equilibre 
alimentaire, agriculture et environnement en Mediterranee, Actes du Seminaire, Malte, 21-22 
Octobre 1993. Options Mediterraneenes, Ser.A/n°24, CIHEAM, Montpellier.
76
Perrings, Ch., 1994, "Ecological resilience in the sustainability of economic development" in 
Universite Pantheon-Sorbonne, 1994, pp.27-43.
Pezzey, J., 1989, in Pezzey, 1994, "Concerns for Sustainability in a Sexual World", in 
Universite Pantheon-Sorbonne, 1994, pp.959, 991.
Plan Bleu (Le), -avenirs du bassin mediterraneen, 1989, Programme des Nations Unies pour 
l'Environnement, Economica, Paris.
Reid, D., 1995, Sustainable development - an introductory guide, Earthscan, London.
Renner, 1997, “Chiapas: An Uprising Born of Despair,” in World Watch, January- 
February.
Rio Declaration on Environment and Development, 1992, UN Document 
A/CONF. 151/5/Rev.land Report o f the United Nations on Environment and Development 
(Agenda 21), 1992, Annex II, UN Document A.CONF.151.26.
RCEP, (i.e. Royal Commission for Environmental Pollution), 1997, Setting Environmental 
Standards, London.
Rosemberg, D., and Oegema, T., 1995, A pilot 1SEW for The Netherlands 1950-1992, Instituut 
voor Milieu en Systemanalyse, Amsterdam.
Schumacher, E., 1974, Small is beautiful, Abacus, London.
SCOPE, 1995, Indicators o f Sustainable Development in Decision-Making. Conclusions of a 
workshop held in Gent, January, 1995.
Segre, A., 1991, "Devolution du systeme agro-alimentaire italien: approche globale", Economie 
& Gestion Agro-Alimentaire, n°21, pp.25-33.
Syers, K., et al, “Sustainable Land Management for the Semiarid and Sub-humid 
Tropics,” in Ambio, Royal Swedish Academy of Sciences, December 1996, p. 488.
Treaty establishing the EC, 1992, as amended by the, Treaty on the EU Maastricht, 7 February 
1992.
The Group of Lisbon, 1995, Limits to Competition, Gublenkian Foundation.
Medagri 1993.
The Economist Intelligence Unit, 1994, Middle East and North Africa Atlas, Hong Kong.
The World Bank, 1992, World Tables 1991, World Development Report, Washington 
D.C.
Toman , M.A., Pezzey, J, and Kratkraemer, J., 1994, "Neoclassical Economics and 
"Sustainability"", in, Universite Pantheon-Sorbonne, 1994, pp., 3-27.
UNDP, 1993, World Human Development Report, New York.
77
UNDP, 1992, Annual Report, New York.
UNEP, 1990, Governing Council Decision, UNEP, GC/SS.II/4B.
UNEP, 1989, Report o f the Governing Council, 44 UN GAOR Supp.(n°25) at 115, UN 
Document A/44/25.
UNEP, 1995, Sustainable Development Indicators, Earth Views, Vol.2(2) p2, September 1995.
United Nations, 1995, Statistical Yearbook, 40th ed., New York.
United Nations, 1992(a), Convention on Biological Diversity, Preamble, 31.I.L.M.818.
United Nations, 1992(b), UN Framework Convention on Climate Change, UN 
Document n°A/AC/237/18 (PartII)/Add.l.
United Nations, 1989, Declaration of The Hague.
United Nations, 1988(a), Annuaire des statistiques industrielles, New York.
United Nations, 1988(b), UN General Assembly Resolution on Protection of Global Climate for 
Present and Future Generations of Mankind, UN Document A/RES/43/53.
United Nations, World Charter for Nature, 1983, Preamble, G.A. Res.37/7, 37 UN GAOR 
Supp.n°51, UN Document, A/37/51.
United Nations, 1980, UN General Assembly Resolution on the historical Responsibility of 
States for the Protection o f Nature for the Benefit of Present and Future Generations, UN 
Document G.a.Res.8, 35 UN GAOR Supp. (n°48), UN Document A/RES/35/8.
United Nations, 1973, Declaration of United Nations Conference on Human Environment 
(Stockhom Declaration), UN Document A/CONF.48/14/REV.1.
Universite Pantheon-Sorbonne, 1994, Models o f Sustainable Development: Exclusive or 
Complementary Approaches to Sustainabilityl, Proceedings of the International Symposium, 
Paris, March 16-18, 1994.
Vercelli, A., "Sustainable Growth, Rationality and Time", in Universite Pantheon-Sorbonne, 
1994, pp. 1079-1089.
Viaggi, D., 1993, "Mediterranean crops and farm management", in Gomez y Paloma,1993, 
pp.205-237.
Victor,P.A., et al, 1994, "How Strong is Weak Sustainability?", in Universite Pantheon- 
Sorbonne, 1994, pp.93-115.
WCED, 1987, Our Common Future, Report of The Brundtland Commission, Oxford University 
Press, Oxford.
Weiss, E.B. et al., 1992, International Environmental Law: Basiclnstruments and References, 
Ardsley-on-Hudson, Transnational Publishers.
78
Wiley Hinmann, C., and Wiley Hinmann, J., (eds.) 1992, The Plight and Promise o f Arid Land 
Agriculture, Columbia University Press, pp.67-117.
79
Part II
Why the olive sector?
The section focuses on one key-industry for sustainable development in the Mediterranean: 
olive oil. As market prospects are improving for olive oil, they need to be analysed in detail. The 
analysis starts by exploring the market prospects characterising the overall oilseed complex -  
and olive oil as a part of it- to identify its main profiles, drivers, mechanisms and dynamics. 
Literature review, tailor-made modelling and expert interview are the main tools o f this study. 
World demand and supply patterns are analysed, and related policy scenarios for promoting 
sustainable development are identified and explored. Emerging from this analysis, market and 
technological prospects alone are important but not sufficient to guarantee sustainable 
development: policies should be formulated to take full advantage o f these prospects without 
widening existing gaps. Otherwise sustainable develoment could become an even tougher task.
l.Between globalization and marginalization: 
a sustainable olive oil industry?
This section deals with the overall market forces which have a major influence on the oils 
fats sector. The contradictions between globalization and marginalization are examined, 
some possible repercussions for the sustainability of the olive oil industry are explored, 
main issues and structure of this part of the study are presented.
It has been argued in the previous section that,- food security, preservation of jobs, 
environmental and cultural patterns associated with marginal agro-food production must be 
major objectives of international policy.
Generally speaking, the globalization of markets and technology makes the agro-food sector a 
very complex and delicate issue. In fact, the world food and agribusiness market is enormous: 
its current value stands at more than 3500 billion US dollars at consumer level. This ever 
growing market is also very complex: a change at one end of the world affects markets and 
products at the other. Clearly, there is a vital role to be played by international policy makers 
who understand the global nature and complexities of such a market, and can therefore respond 
to the worldwide globalization of stronger economies and marginalization of poorer societies 
and cultures.
In this light, this part of the study (Part II) has focussed on the market prospects of one of the 
most dynamic and promising elements of this sector, i.e. the olive oil industry. The analysis 
starts by exploring the market prospects characterising the overall oilseed complex, focusing on 
demand and supply. Literature review, tailor-made modelling and expert interview are the main 
tools of this study. The identification of models and drivers to predict the evolution of the 
oilseed complex is the major objective of this phase. Then, as olive oil is a part of the oilseed 
complex, a similar approach helps to identify the most important characteristics, drivers and 
mechanisms determining the market profile of the olive oil industry.
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The analysis is deepened to explore world demand and supply patterns for olive oil: this enables 
policy scenarios consistent with sustainable development to be outlined, identified and explored. 
Very cautious policies need to be considered to take full advantage of the market prospects in a 
way which will promote sustainable development..
2. The oils and fats sector
The most important facts, figures and patterns of the oilseed complex are examined to identify 
the expected scenarios for both world demand and supply.
2.1 The oilseed complex, one of the rapidly expanding agro-food sectors
According to recent studies (Rabobank, 1995, pp.2-10; Rabobank, 1996, pp.3-4; Popular 
Rabobank, 1995, pp.5-7; Bonazzi, 1996e, pp.1-2, and Bonazzi, 1996f, pp.1-2), vegetable oils are 
one of the most interesting branches of the agro-food sector: worldwide consumption of 
vegetable oils is increasing rapidly -  from 47.9 million tons to 68.1 millions tons from 1984 to 
1994 -  becoming a more and more important component of the agro-food business. Vegetable 
oil consumption increases faster than consumption of other fats as indicated in Figure II. 1, and 
this depends on a shift of consumer behaviour with of other fats substituted by vegetable oils.
Data and evolution of the main dietary animal and vegetable oils and fats are given in Appendix 
II, Tab. 1 and Fig.l. The major vegetable oils consumed in the world are soybean, palm and 
sunflower oil, together accounting for 73% of total vegetable oil consumption. With a 
consumption of about 2 millions tons yearly, olive oil makes up only 2.9% of the total vegetable 
oil bulk, but involves a turnover which can represent up to 15% or more of the total turnover of 
the world vegetable oil market, due to its higher price. Specific figures for major world 
consumers are given in Appendix II, Fig.2.
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Figure II.l
It is important to note here that olive oil is a typical product of the Mediterranean basin, where 
are concentrated respectively about 97% of world production and 91% of world consumption. 
Additionally, although it is a part of the oilseed complex, olive oil is unlike most other vegetable 
oils in having no oilmeal component as co-product. This makes it free from the fluctuations of 
demand for oilmeals which affects most other vegetable oils, eg. soybean oil which can really be 
considered a co-product of soybean oilmeal. Detailed data on oil and meal content in main 
vegetable oils are given in Appendix II, Tab.2.1.
2.2 World oilseed demand: structure, driving forces and patterns
The largest consumers of the major oils and fats are the EU, with 14 millions tons in 1993, 
followed by the US at 11.2 millions tons. On the other hand China has the highest average 
annual consumption growth rate, i.e. about 4.9%. The development of consumption in the US, 
EU and India is relatively strong, with a growth rate ranging between 2.5% and 3.2%. The 
former USSR is the only major consumer region where oil and fats consumption is falling, due 
to the worsening of overall economic conditions (Rabobank, 1995, pp. 15-27). Detailed data on 
annual growth in oils and fats consumption are given in Appendix II, Tab.2.2.
When we try to explore major developments in worldwide demand for vegetable oils, three 
factors emerge as crucial elements: population growth, purchasing power increase and consumer 
behavior.
Population growth
• World population is expected to grow from 5.6 in 1990 to more than 6.2 billion people by the 
year 2000. Demographic growth will be fastest in Africa, Asia and South America: accordingly, 
in these areas oils and fats consumption will grow more. Asian population will grow more by
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about 360 million people in the next five years, half of whom will be China and India together: 
this increase exceeds the current EU population. In Europe and in the rest of the world 
population growth will be limited (FAO, 1990; The Economist Intelligence Unit, 1994). 
Detailed data on development of world population are given in Appendix II, Tab.2.3 and 2.4, 
and Figs.3-4.
On the other hand, the annual growth rate in oils and fats consumption (about 3.1%) is 
significantly higher than the annual average of population growth rate (about 1.3%). Vegetable 
oil consumption is even higher (about 4.1%). India is the only major consuming country where 
growth in oils and fats consumption has more or less paralleled population growth. This means 
that, on average, the world population is consuming more oils and fats, and more vegetable oils 
than other fats. Nevertheless, as future population growth rate will be lower than current figures, 
population growth will in future have less influence than it does today in determining growth of 
demand in oils and fats, while for the medium term it will still play a very significant role. 
Detailed data on population growth rate and projections are in Appendix II, Tab.2.5 and 
Tab.2.6.
Nonetheless, consumption of vegetable oils is not only determined by the number of potential 
consumers, but also and even more by consumption per capita. This finally depends on the 
purchasing power of the consumer.
Increase of income level
• Income is the second major factor that determines consumption of oils and fats. The influence 
of income on oils consumption may best be understood by comparing per capita income with 
per capita consumption. Income should be expressed in one currency for the purpose of 
comparing per capita income levels in different countries, while conversions from one currency 
to another should be adjusted on the basis of different standard of living in the different 
countries, in order to reflect real purchasing power. It is obvious that in lower-income countries, 
per capita vegetable oil consumption increases as per capita income increases. In high-income 
countries a discernible levelling off of vegetable oil consumption can be put down to the fact 
that demand is being saturated. Economists refer to this as the so-called Engel-curve. This 
pattern follows a logarithm behavior, typical of many ecological patterns of saturation for a 
specific resource. The relation between income and consumption of oils and fats is provided in 
Appendix II, Fig.5; the corresponding figure for consumption of vegetable oils is provided in 
Appendix II, Fig. 6, also shown in Figure H2.
According to these figures, at low income levels, a rise in income causes a disproportionate 
increase in consumption of oils and fats, while at higher income levels, the increase in 
consumption is less than proportionate; there a progressive substitution between oils and fats 
could occur due to other factors; i.e. taste and consumer behavior, driven basically by health and 
cultural concerns. These factors will be analyzed in the following section.
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Figure II.2
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When we explore the development of per capita income, we can get an idea of its impact on per 
capita consumption of oils.The development of GDP corrected for inflation in several Asian and 
South American countries has increased spectacularly during the last 15 years; eg. China from 
7.6 to 10.2%, while in US and EU it has increased about four times less than over the same 
period. This evolution could be aggregated for bigger world regions, e.g. Maghreb and Machreq, 
which are characterized by the same trend during the last 5 years. Detailed data of real GDP 
figures are listed in Appendix II, Tab.2.7-8.
Some general conclusions follow from the relationships found (Appendix II, Fig.5-6): (i) the 
low current consumption levels and the demographic growth in Asia and South America imply a 
dramatic growth of per capita consumption in vegetable oils; (ii) the growth in income will 
reinforce consumption growth in the same regions.
Accordingly, it is possible to set up a theoretical indicator which takes into account the growth 
in consumption of oils and fats of selected regions in the world with their growing GDP. These 
countries have been selected on the basis of their low level of fat consumption and high GDP 
growth, that means that they are located in the lower and left part of the graph indicated in 
Appendix II, Fig.5.
In this light, we normalize the GDP growth rate of a given country to EU-US average: it is 
defined as Normalized GDP growth (NgdpG);5 detailed data are indicated in Appendix II, 
Tab.2.7-8. Then, we try to find a relationship between this indicator and the current rate of 
consumption of oils and fats in order to verify if in fast developing economies the rates of 
increase of GDP and oil consumption follow a pattern of saturation similar to that witnessed in 
industrialized countries, i.e. the EU and US.
Accordingly, we aim to examine the current consumption level of oils and fats and then 
normalize it to the average consumption in the EU and US, which account for about 45 kg per
5 N g d p G = (Average GDP growth rate 1993/1995)/ (Average GDP growth in the EU and US)
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capita yearly . Detailed data on fat consumption , in absolute values and normalized to EU-US 
consumption levels respectively, are listed in Appendix II, Tab.2.9 and Tab.2.10. This last 
indicator has been defined as Normalized Fat Consumption (NFC) for a given country or 
region.6 Detailed data on real income related with vegetable oil consumption are shown in 
Appendix II, Fig.6. The relationship between normalized GDP growth and normalized fat 
consumption growth has been analysed, and a positive correlation has been found. Detailed data 
are given in Appendix n, Tab.2.11, Fig.7.
Finally, the existence of this relationship —described by the equation in Appendix II, Formula 
1— indicates that GDP growth is positively correlated to the level of consumption of oils and 
fats in the regions examined. This confirms that: (i) the regions where oil consumption will 
become higher are those where higher GDP growth rate is expected; (ii) the rates of increase of 
GDP and oil consumption follow a similar pattern to the saturation witnessed in industrialized 
countries, i.e. the EU and US.
This formula may be useful to describe the importance of GDP growth in determining oil 
consumption in low income-rapidly growing countries. On the other hand, the demand profile 
of oils and fats in industrialized countries — represented in the right and upper part of Figure 
n.2 (also in Appendix II, Fig.5 and 6)— respond to another very important factor, i.e. consumer 
behaviour. In fact, the price of oils and fats and the relative impact of the increase of income 
level on the volume consumed is not the only factor to determine the consumption rise of one fat 
instead of another. Competitiveness is a major driving force, but it is a complex factor which 
integrates price with the response of the consumer, which largely depends on cultural and health 
concerns.
These factors together determine the elasticity of demand for a given oil, which depends clearly 
on the socio-economic and cultural conditions of the given country. This issue is particularly 
important for certain fats such as olive oil, whose high price, very particular taste, incidence in 
cultural patterns and recognized benefits for health make it a very interesting case study for 
testing these hypotheses. In this light it is easy to understand how the preference of 
industrialized world consumers is mostly based on other concerns than merely price. Health and 
taste have been identified as determinants of the demand rise for vegetable oils in general and 
for specific vegetable oils, eg.olive oil. The same forces will interact differently to determine 
consumer behaviour in low income-rapidly growing countries.
Consumer behaviour
• The previous analysis has shown that a dramatic increase in oils and fats consumption is 
expected in South America and Asia, while in most western countries (i.e.Europe, North 
America, Australia and New Zealand), the total consumption level in oils and fats is not 
expected to increase significantly.
On the other hand, a very important change in consumption can be expected in these last 
countries, where consumer behavior is expected to respond to health and taste concerns, with a 
tendency for people to be much more careful in selecting their daily food. In fact, in countries 
characterized by a medium-high purchasing power but also where this indicator rapidly grows, a 
very strong relationship has been found with the increase in the preference of vegetable oils in 
the diet, as shown in Figure II.3. Consumers prefer healthy and "natural" products that can 
simultaneously provide pleasant flavour and taste as well as proven benefits for health.
6 NFC = Yearly Fat Consumption / Yearly Fat Consumption (EU)
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As regards health, it is necessary to examine the importance which oils and fats play in the 
human diet. As proteins and carbohydrates, fats constitute an essential nutritional element. They 
provide relatively high amounts of energy, so that the body requires much less of these 
constituents than of proteins or carbohydrates to sustain a certain level of exertion. Fats also 
containing significant amounts of vitamins A, D, E and K, as well as certain fatty acids, named 
the “essential fatty acids”, are very important to human metabolic processes and must be 
absorbed through food. Finally, fats make a major contribution to the taste of food. However, 
some fatty acids have negative effects on the cardiovascular system, primarily through excessive 
cholesterol levels in the blood.
Figure II.3
Per capita annual consumption of vegetable oils 
related to per capita real income
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In this respect, the distinction betweeen saturated and unsaturated fatty acids is essential. 
Generally speaking, unsaturated fatty acids can be considered more healthy and saturated 
harmful. Unsaturated acids may in turn be divided into mono-unsaturated and poly-unsaturated 
fatty acids. Originally, poly-unsaturated fatty acids alone were supposed to decrease cholesterol 
levels, but recent scientific evidence has shown that higher levels of mono-unsaturated fatty 
acids in diet are even more beneficial.
Accordingly, it is possible to rank the healthy performance of oils and fats with respect to their 
composition in fatty acids (Appendix n, Fig.8). Figures of the ratio between healthy and harmful 
or less healthy fatty acids in main oils are provided in Appendix II, Fig.9.
Generally speaking, animal fats are higher in saturated fatty acids and therefore more harmful to 
human health: The sole exceptions to this statement are given by: (i) tropical oils (i.e. palm oil, 
palm kernel oil and coconut oil coconut oil), comparable with animal oils, and (ii) fish oil -  
highly consumed in Japan, which is very healthy -  similar to most vegetable oils from the point 
of stand of health concerns (Ruiz Gutierrez et a l, 1997). Additionally, vegetable oils contain 
higher quantities of unsaturated fatty acids, which make them very healthy. .. The
fatty acid composition of olive oil shows a high ratio between monounsaturated and saturated
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fatty acids, which means that it is the healthiest vegetable oil; scientific evidence clearly 
reinforces these considerations (Keys, 1984, Lopez Segura et al., 1995, Blanco et al. 1995, 
Castro et al. 1995).
Details on the biochemical and physiological effects of dietary fatty acids are described in Text 
Box 1 on olive oil and diet. In this light, it is possible to identify a rough indicator of the healthy 
performance of vegetable oils, based on the different proportions of the main fatty acids. For this 
purpose, following expert indications, the monounsaturated fatty acids (MUFA) are scored 5 
times more healthy than polyunsaturated fatty acids (PUFA), while unsaturated fatty acids 
(SFA) considered as risk factors for cardio-vascular diseases are scored three times more 
harmful than the healthy performance of PUFA. Details of the estimate are given in Appendix 
H,Tab. 2.12 and Fig.9.
Nevertheless, such an indicator can not take into account all the biochemical, medical and 
epidemiological information on the health implications of vegetable oils. In fact, recent studies 
have pointed out that constituents so far considered ‘minor’, i.e. flavonoids, polyphenols and 
other antioxidant compounds, which have nothing to do with fatty acids, have a very positive 
effect on human health.
More specifically, oleuropein, the bitter constituent of olives and one of the major components 
of the polyphenolic fraction of olive oil, interferes with biochemical events which are implicated 
in atherogenetic disease, reducing the related risk factors.
Generally speaking, uncontrolled production of free radicals in biological systems is thought to 
be involved in a series of degenerative processes and consequent pathological conditions, from 
atherogenetic to cancer and cell ageing. Those compounds are present in high proportions 
especially in olive oil, the major fat in the Mediterranean diet. This suggests an indicator of 
health perfomance which could integrate the scientific results of health concerns associated with 
fatty acids and with the important ‘minor’ constituents (AppendixII, Fig. 10).
Accordingly, an index assessing the healthy performance of oils and fats has been provided in 
Figure II.4 (also in Appendix II, Tab.2.13); this index is intended to reflect the real healthy 
performance of olive oil relative to other oils and fats.
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Text Box 1
Olive oil and diet
Scientific evidence demonstrates that a high proportion of polyunsaturated fatty acids (i.e. PUFAs, 
linoleic and alpha-linolenic fatty acids) in the diet protects from breast cancer, and is essential for child 
growth, being very similar to human milk. Additionally, many studies have already revealed the 
mechanisms through which monounsaturated fatty acids (i.e. MUFA), reduce the incidence of cardio­
vascular diseases, especially the miocardic muscle infarct. In fact, MUFAs reduces the levels of 
plasminogen inibitor PAI-1, which inhibits the tissue activator of tissue plasminogen t-PA. This is the 
reason why MUFAs are very healthy: in fact, increases of PAI-1 imply the inhibition of t-PA, which in 
this way produces a lower fibrinolitic activity, so that fibrin deposits in the cardio-vascular system are 
destroyed less and the atheromatosy plates are more effectively deposited, causing thrombosis deposits 
and infarct of the miocardiac muscle through coronary blockage.
Finally, MUFAs increase the ratio of HDL/LDL lipoproteins: high levels of HDL imply a net transfer of 
cholesterol from tissues to liver to be eliminated, i.e. anti-atherogenetic vectors, while low levels of LDL 
prevent the net countertransport of cholesterol from liver to the tissues, i.e. atherogenetic vectors.
Additionally, the MUFAs act favourably to lower both insulin and blood pressure, as well as improving 
the overall processes promoted by the fibrinolitic system. The ratio between healthy and harmful fatty 
acids is favourable in olive oil. In vitro, as well as in vivo studies such as epidemiological surveys, 
have shown that a diet rich in olive oil as a main fatty component is even better than a dietary pattern rich 
in carbohydrates and low in fats (<30%, MUFA level of about 12%), contrary to the thesis promoted by 
the American Society Cardiology & Cholesterol American Program until 1995.
Additionally, minor components present only in olive oil (i.e. oleuropein, flavonoids, polyphenols and 
triterpenic alcols) develop a better bile secretion and pancreatic lipasis, definitely promoting a better fat 
emulsion. They also protect cells from inmunodepressive, mutagenic and ageing processes (IOOC, 
1993c, pp.75-81).
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Figure II.4
Healthy Index (HI) for main fats used in human diet
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Competitiveness and Production
The factors determining the competitiveness of a given food product are price, market price, 
government policy and consumer behaviour. World production of oils and fats is worthy of 
analysis to identify the major producer countries (Figure II.5). The main producers and 
consumers of oils and fats are indicated in Appendix n, Fig.l 1 and Fig. 12 respectively.
The US is by far the largest producer country, accounting for 45 % of the world bulk; this results 
primarily from soybean production, with the US producing 75% of the world share. The EU as 
a whole is the second producer of oils and fats; rapeseed is the main product, followed by 
soybean, sunflower and olive oils. EU is the major world producer and consumer of olive oil, 
accounting for about 78% and 75% of the respective world figures. It is also worth noting the 
high vegetable oil production levels in China and Malaysia, where soybean, rapeseed and 
groundnut oils are the most consumed and produced. Malaysia is the largest producer of palm 
oil, while Indonesia is fast emerging as a palm oil producer.
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Figure II.5
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The competitiveness of the different vegetable oils largely depends on price and the perceived 
value in the market. The price is in turn dependent on the price of the raw material and on the 
efficiency of the crusher, miller and marketer. In comparing prices, it is extremely difficult to 
give an exact calculation of the production cost of different raw materials like palm fruits, 
olives, and oilseeds. A further difficulty is represented by the fact, noted above, that the price of 
vegetable oils is highly influenced by the market price for oilmeal which is co-produced with 
oils.
However, palm oil has by far the most competitive price, followed by soybean and then by 
sunflower, whose price is in turn lower than that of olive oil. The market price of vegetable oils 
is dependent on supply and demand, on government policy and on consumer behavior. In the US 
and the EU the vegetable oil market is protected. However, the GATT agreements foresee a 
progressive lowering of the protection. In South America, the crushing industry is stimulated by 
putting a levy on the export of raw materials and a subsidy on the export of the final products,
i.e. oils and oil meals.
The US soybean industry is highly concentrated and very efficient. In the years ahead, US 
crushers will have to deal with a reduction of export subsidies and import protection. Although 
this will not lead to lower levels of crushing in the US, it will impede US crushers in the battle 
for emerging consumer markets. The US vegetable oil industry already has a high degree of 
vertical integration all along the production system, from agriculture through processing and 
marketing.
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Like the US case, the crushing industry in South America, especially in Argentina and Brazil, 
has a good competitive position. It has access to relatively inexpensive but high quality oilseeds 
with a growing domestic market for both the oil and co-produced oil meal. Its production in the 
world market will be further strengthened by the reduction of export subsidies in the US and the 
EU. In Asia the production of vegetable oils will also rise, stimulated by the large growth in 
domestic consumption of both oils and oil meals. Palm oil is the product for which consumption 
will increase the most rapidly. The reason for this is its competitive cost price and the fact that is 
produced locally, where the growth in consumption is highest.
The EU vegetable oil industry consists of different sectors: soybean, rapeseed, sunflower and 
olive oil. The EU crushing industry will also be able to take advantage of increasing export 
possibilities to potential consuming regions. Vegetable oil producers inside the EU have the 
disadvantage of being dependent on the domestic production of raw material. Possibilities to 
expand this production are limited because of the CAP which limits the oilseed acreage. The 
restricted opportunity for expanding production will lead to further concentration and will 
provide an incentive for further integration, involving technological breakthroughs and probably 
impacting severely on the environment and employment. Vegetable oil producers will want to 
become more involved in the higher added value activities of processing oil.
For the Euro-Mediterranean region, we highlight again that olive oil represents a particular case 
in the overall oilseed complex. In fact, olive oil producers depend heavily on government 
policies, as the EU olive oil market is heavily protected and subsidized through a relatively 
complicated system of aid.
2.3 The oilseed consumption of tomorrow
The oilseed complex has been described in the previous analysis to identify its basic profile and 
through the main driving forces to identify the main regions where demand is likely to grow. 
Additionally, in this chapter we aim to outline a set of indicators describing these driving forces, 
which should enable a further step in the analysis; to quantify the demand growth and behavior 
by region.
According to the analysis set out earlier, it is reasonable to assume EU-US average as the 
saturation level for oils and fats consumption, and to use it as the basis for normalizing the 
relevant figures of the other regions. Also the Normalized GDP Growth rate is taken as a 
significant indicator for the current level of fat consumption, low in poorer economies and 
higher in more favoured societies. The observed trend in oil and fat consumption is considered 
with GDP growth, considered of major importance in determining consumption patterns. In this 
light, this stage starts by modelling the relationship between driving forces identified earlier for 
growth in demand for fats: population and GDP growth (NGDPG, i.e. Normalized GDP Growth 
rate), and fat consumption levels, i.e. Fat Consumption Growth (FCG). Specific models have 
been set up for this task. Details and data are provided in Appendix n, Tab.2.14.
Coming from this analysis, an indicator is set up to estimate the expected figure for oil and fat 
consumption, i.e. Fat Consumption Trend (FCT), which is presented in Appendix II, Formulas 2 
and 3.
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The analysis in Appendix II, Tab.2.15-16-17 and Fig. 13 identifies South Asia and South 
America as the regions where the most important growth in oils and fats consumption is likely to 
take place up to the medium-long term horizon, i.e. 10-20 years (also in Figure II.6). This is 
essentially due to the synergy of population and economic growth, combined with the current 
low levels of oil and fat consumption. This trend could be altered by policy actions, exemplified 
by the Indian case of limitation of the expected ‘natural’ boom in oil and fat consumption. 
Figure II.6
Relationship between per capita observed annual oils & fats consumption growth and 
theoretical annual consum ption growth trend (1993-2025)
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2.4 Future demand for vegetable oils
2.4.1 Recent evolution of world demand for oils and fats
The major animal oils and fats for human consumption are cattle and sheep fat, pig lard, butter 
and fish oil. Animal fats from cattle, sheep and pigs are made from by-products from 
slaughterhouses. Fish oil comes from the fish processing industry. Worldwide animal oils and 
fats consumption is expected to remain stable over the next 10-15 years; this implies their 
progressive substitution by vegetable oils, especially in wealthy countries and rapidly growing 
economies.
On the other hand, consumption of every type of vegetable oil —whose world bulk accounts for 
about 66.2 million tons annually over the last years — is predicted to increase over the same 
period, except for linseed oil whose consumption has decreased over the last ten years. 
Consumption of palm oil, rapeseed oil and palm kernel oil have grown dramatically over the last 
10 years, capturing up to 10% market share from soybean oil. Detailed figures are listed in 
Appendix II, Tab.2.18.
Amongst the major five consumers of soybean oil, the US accounts for about one third of total 
world consumption, attributed partly to domestic availability. Brazil is the second largest 
consumer, for the same reason. On the other hand, palm oil is rapidly growing as one of the 
most consumed vegetable oils. Soybean consumption has lost market in the EU, where 
increasing market shares have been captured by palm, rapeseed and sunflower oils. Soybean 
consumption declined also in China over the last 4 years, where it competes with palm and
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rapeseed oils.In Japan also, relative to the important growth of other vegetable oils consumption, 
soybean oil is losing market share.
Palm oil growth is notable especially in Indonesia, EU, China, Pakistan and Malaysia, because 
of its low price and its production in countries where both dramatic population and GDP growth 
are taking place. Palm oil consumption in Pakistan has risen following the improvement of 
political relationships with Malaysia, an important Muslim producer and consumer country, 
therefore capturing important market share from US soybean oil.
Repeseed oil benefits from a healthy image and is well inserted in the cultural and dietary 
patterns of several Asian countries, i.e. China, Japan and India. This explains why its 
consumption is rising rapidly in those countries.
Former USSR and the EU are the largest consumers of sunflower oil, and both have high 
domestic availability. Although total consumption of vegetable oils remains stable in the ex- 
USSR, per capita consumption is dropping, because of the worsening of economic conditions 
due to the ongoing political and socio-economic transition.
The relatively healthy image of sunflower oil — especially that produced with genetically 
manipulated varieties rich in mono-unsaturated fatty acids — seems to be the major reason for 
the rapid growth of sunflower consumption in the EU.
2.4.2 Future scenarios for oils and fats consumption
Worldwide, the demand for vegetable oils will grow faster than oilmeals which are co-produced, 
as the demand for animal fats will not grow. This will stimulate production of oilseed with high 
oil content and of vegetable oils with no meal by-product, like palm and olive oil.
This change will be reinforced by the shift occurring in the consumer profile of industrialized 
countries, from saturated to mono-unsaturated fatty acids. This process is projected to take place 
over the long term also in other countries, and will have positive repercussions on the 
consumption of vegetable oils in general and more specifically of those high in low saturated 
fatty acids like high-oleic sunflower oil and olive oil.
Generally speaking, in lower income countries, income has a considerable influence on 
vegetable oils consumption patterns. This applies to countries such as China, India, Indonesia, 
Thailand and Malaysia, but also Brazil. In fact, in these countries a clear relationship has been 
observed between growth of GDP and increased consumption of oils and fats, which are 
generally more expensive than other basic foodstuffs.
Despite sharp increases in consumption in these regions, consumption levels are still much 
lower than those of EU and USA, considered as possible saturation levels. If growth of 
population and income in these regions will continue at the predicted levels, as well as in South 
America, a significant increase in consumption will take place. The size of the potential market 
for oils and fats in these areas can be clearly adjusted on the base of current economic growth. 
Oils and fats consumption is expected to grow substantially until the horizon 2025, when it is 
expected to become comparable to the EU-US average.
In this light it is possible to sketch out two. groups of short-medium term (horizon 2005-2015) 
scenarios for prospective consumption of vegetable oils: (i) the poor scenario incorporates 
those regions where population growth and rising purchase power are the driving forces, i.e. 
mainly Asia and South America; (ii) the rich scenario, applies to those regions where consumer
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behavior, i.e. health and taste concerns, are the major determinants of the winning vegetable oils 
of the future.
2.4.2.1 The ‘poor’ scenario
The continent where the growth in consumption of vegetable oils is expected to be highest is 
Asia. The fast population and GDP growth will most likely lead to a strong increase in vegetable 
oil consumption, and palm oil will be probably the fastest growing over the short term, because 
of its lower price and its domestic supply, especially in South East Asia. Possible less favourable 
aspects are associated with palm oil, i.e. its poorer health performance; therefore a further shift 
in the consumption profile in those countries may be anticipated over the medium-long term 
(2015-2025).
Among the biggest vegetable oil consumers of tomorrow, surely China will take the lion’s share. 
It will become the most important growing market for vegetable oils, followed by India, 
Indonesia, Brazil, Malaysia, Thailand and Argentina. In fact, considering only one kg per capita 
increase in China — which occurred during the last 3 years in India too— the result will be 
more than 2 millions tons increase in total consumption, which represents about 20% of total 
USA consumption. Accordingly, the combination of demographic and GDP dynamics allow 
China and India to be identified as major consumer countries of the future.
The relatively high gap between the predicted and observed fat consumption increases foreseen 
in India7 could be explained by the impediments introduced through political measures which 
maintain high domestic prices for oils and fats. Experts believe that removal of these political 
measures would stimulate up to 50% rise in oils and fats consumption (Rabobank, 1995).8
South America will retain the second place in oil-consuming countries. Palm and seed oils are 
the candidates for this market, as there are great potentialities to produce them cheaply with high 
quality. The most popular oil, well positioned in both cultural and food patterns, is sunflower 
oil, locally produced along with soybean oil. Moreover, an increasing market share will be also 
destined to olive oil. Brazil and Agentina are among the major producers of vegetable oils. High 
domestic supply permits the population to enjoy easy access to large volumes of vegetable oils. 
In these countries, the influence of income on consumption interferes with the consumer 
behavior, highly influenced by the Mediterranean origin of large shares of the population. 
Accordingly, a substantial increase has to be expected in these countries due to a combination of 
GDP increase, population growth, relatively low current oil consumption levels and consumer 
orientation towards healthy and locally produced vegetable oils; i.e. sunflower and more 
recently olive oil in Brazil, Argentina and Mexico.
Generally speaking, vegetable oil consumption in Africa is still very low compared with other 
parts of the world, and the consumption of animal fats is even lower. Only North Africa, the 
Middle East and South Africa, where cultural and dietary patterns are essentially Mediterranean, 
are an exception to this. In general we expect a growth in vegetable oil consumption in Africa 
over the short-medium term, mostly because of the low levels of current consumption combined 
with a dramatic demographic growth foreseen over the next decades. Nevertheless, it is very
7 FCT versus FCG in India (Appendix II, Fig. 13).
8 Under this hypothesis India will reach the expected levels outlined in Appendix II, Formula 4. This figure 
confirms the demand rise predicted by our model.
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difficult to say if per capita consumption will increase too, as this will depend basically on the 
economic level and political stability of tomorrow.
On the other hand, Maghreb and Machreq countries are set to increase their consumption of 
vegetable oils, driven by a very strong demographic growth and a relatively important economic 
growth. Surely olive oil consumption will grow in these countries, driven in some cases by 
specific policies to promote both production and consumption of this Mediterranean product. 
These trends are expected in Morocco, Syria, Tunisia and Turkey, especially among new urban 
middle classes. Also sunflower oil consumption is expected to grow, beacause of its lower price, 
often blended with olive oil in households.
The former USSR is the only major consuming country where per capita consumption of both 
animal and vegetable oils has declined, due to the general economic decline, expressed by the 
strong drop in per capita GDP. Experts estimate that changes in price ratios due to a market- 
based pattern will clearly benefit vegetable oils, although in the medium-long term.
On the other hand, in Central Europe the reform of the economy led initially to a decline in the 
consumption of oils and fats. However, current oils consumption seems to have stabilised and, if 
the economy continues to recover, consumption may be expected to increase in the coming 
years. In some central European countries i.e. Poland and former Czechoslovakia, animal fat 
consumption is still very high, representing about 35-40% of total oils and fats consumption. In 
short-medium term a significant shift of consumer behavior toward vegetable oils has to be 
expected.
2A.2.2 The ‘rich’ scenario
In the EU we expect total vegetable oil consumption to grow by 1-2% annually. The population 
will not increase significantly, but there is still some room for per capita income increase and 
consequently vegetable oil consumption rise.
In some countries, like the United Kingdom, Belgium and the Netherlands, animal fats may be 
further replaced by vegetable oils to a significant extent. The ongoing substitution of saturated 
oils and fats by unsaturated oils might also lead to a further increase in the use of vegetable oils 
with a low saturated fatty acid content like sunflower oil and olive oil.
In North America and Oceania — and to a lesser extent in Japan — there will be a moderate 
increase in the global consumption, but certainly olive oil will increase relative to the other 
vegetable oils, capturing a significant market share from the cheaper vegetable oils. Here the 
expectations are more or less the same as for the EU, although consumers in the USA seem to be 
more susceptible to claims about health issues. Combined with moderate population growth we 
expect a further increase of consumption in vegetable oils but, even more important, a 
significant shift towards natural, healthy and good tasting vegetable oils, primarily olive oil 
(Sullivan, 1997).
2.5. Conclusions: vegetable oils, expanding markets, increasing competition
2.5.1 The Poor Will Bear the Palm, the Rich the Olive
The most spectacular increase in vegetable oil consumption will take place in South East Asia. 
There, the domestic markets offer extremely attractive opportunitites for palm oil: local, cheap 
and fitting both their dietary and cultural patterns. South America will take the second place,
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thanks to its great potential to produce cheap, high quality sunflower oil. Nevertheless, olive oil 
will claim an increasing market share.
In the meantime, Northern Europe could represent a very large underexploited market for olive 
oil: promotional campaigns are expected to induce the explosion of demand already achieved in 
the US over the last 15 years (+330%!). The Maghreb and the Middle East will see their olive 
oil consumption increase at both short and long term horizons (2005-2020), capturing market 
share from other vegetable oils. Technology transfers will play an important role for both self 
sufficiency and export strategies. North America will experience a moderate increase in total 
demand for vegetable oils, but olive oil consumption will certainly increase significantly, mostly 
due to the promotion of the Mediterranean diet for health reasons. Australia and New Zealand 
will experience some olive oil consumption growth while market prospects in Japan are more 
promising.
2.5.2 An opportunity for growth in the Euro-Mediterranean space: which policies?
The previous analysis reveals that high purchasing power markets (e.g USA, northern EU) are 
really promising for pure olive oil and are largely underexploited. There, important growth of 
potential markets can be expected. However, all the olive oil exporting countries except Italy are 
only now beginning to become competitive in world markets. As a consequence, they stand to 
pay a high price for their current marketing backwardness.
All this shows the need for cautious policies in order to take full advantage of the very 
promising opportunities offered by the vegetable oils sector. This is especially important in view 
of the Euro-Mediterranean Free Trade Area planned for the beginning of the next century.
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3. The olive oil sector
This section is dedicated to exploring the most important profiles o f the olive oil sector, eg. 
demand, supply, trade, evolution and drivers. Accordingly, scenarios based on pure competition 
and on the cooperation objectives of the Euro-Mediterranean policies (i.e. trend and active 
respectively) are examined. Clear indications for policies fostering sustainable development in 
the Mediterranean are identified.
3.1 Production
The olives produced by the world’s 770 million olive trees are primarily used for oil production 
which averaged 1,912,000 tons per crop year between 1990-91 and 1996-97 (i.e. four seasons).
Year-to-year fluctuations are quite marked, while varying in extent from one country to another. 
This comes from the pronounced biannual pattern of harvests which is a distinctive feature of 
olive farming, called alternate bearing. When considered over a representative period of 12 crop 
years (1980-81/1991-92), the trend in world production has been for about 1% per year increase.
About 140,500 tons of olive pomace oils were also extracted in the above four-year period,
114,500 tons of which was for human consumption. Production of pomace oils decreased by 
1.3% per year over the twelve crop years. Olive oil production is located principally in the 
Mediterranean countries since only 1.9% is produced elsewhere. Detailed data on olive oil 
production are given in Figure II.8 and in Appendix II, Tab.3.3.
3.2 Consumption
Over the four crop years 1990-91/1996-97 almost 1,874,000 tons were consumed on average per 
season. The trend in consumption has been more or less regular, contrasting with the fluctuating 
pattern in production. Regular supplies have been ensured through the buffer stocks built up by 
the main producer countries.
Consumption growth during the last twelve crop years averaged slightly more than the growth in 
production. It is possible to group countries into three clusters when drawing up the balances for 
olive oils. These three groups are mainly producer-exporter countries, the producer-mainly 
importer countries and the importer-only countries. The countries of the first group account for 
the bulk of consumption (87.5%) with a yearly growth rate of 0.6%. The second group, where 
annual growth stands around 1.6%, consumes just over 9%. The importer-only group accounts 
for just over 3% of total consumption but has a yearly growth rate of over 13%. It is clear from 
these figures that olive oil consumption is spreading outside traditional consumer markets.
The top consumers are the EU, Morocco, Syria, Tunisia and Turkey, classified in the first group. 
The US is classified in the second group, where the highest growth has been experienced over 
the last 15 years, rising from 20.000 tons to more than 120.000 tons. Detailed figures on olive 
oil consumption are given in Figure II.7 and in Appendix II, Tab.3.3.
3.3 Foreign trade
The updated figures for world trade in olive oils show that it averaged over 700 000 tons during 
the 1990-91/1996-97 crop years, growing about 10% yearly. The EU (56%), Tunisia (32%), 
Turkey (5%) and Morocco (3%) are the chief exporters. The main importers are the EU (30%), 
the US (29%) and Libya (6%).
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3.4 Olive oil production and consumption: what is the future?
3.4.1 Olive oil production and consumption: recent evolution
Until now the Mediterranean region has been the mosi important producer and consumer of 
olive oil; it produces 97% of the world’s olive oil and consumes 91% of it. Southern EU 
countries take the lion’s share with approximately three quarters of world production and 
consumption. Spain and Italy are the world top consumers, accounting respectively for 30% and 
22% of the world figure. On the other hand, one striking development has been the high growth
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in olive oil consumption in several high-income countries. Specific figures on production and 
consumption are given in Appendix II, Fig. 18.1 and 18.2.
This has to be related with the promotional campaigns carried out in these countries by the 
International Olive Oil Council and with the price inelasticity of olive oil demand. The variation 
of olive oil demand with price will now be explored, in order to identify the importance of 
consumer education in olive oil consumption (Text Box 2, and Appendix II, Fig. 19).
In the light of consumption and production world figures, olive oil consuming and producing 
countries may be grouped on the base of the relative importance their consumption-production 
ratio plays at world scale. These criteria allow to group countries which are: (i) mainly producer, 
consumer-exporter of olive oil, i.e. essentially those of the Mediterranean basin, (ii) producer- 
mainly importer of olive oil, (iii) importer only of olive oil. Deteailed figures on trends in 
consumption of olive oil are given in Appendix II, Tab.3.4.2.1 and in Fig.20.
The group of mainly-producer, consumer-exporter countries is the determinant of the behavior 
of the pattern of world consumption, whose relative importance with respect to world figure is 
given in Appendix II, Fig.21. Scrutiny of the changes in world olive oil consumption over the 
last years reveals a very asymmetric distribution of the world consumption of olive oil 
(Appendix II, Fig.22):
(i) The most important role in world production and consumption is played by mainly- 
producer, consumer-exporter countries, especially Mediterranean and more specifically 
Mediterranean EU-countries. Detailed data are given in Appendix II, Fig.3.4.2.2 and Fig. 21 
and 22. On the EU side, olive oil annual consumption is about 1.3 millions tons, corresponding 
to slightly more than 70% of the world bulk. On the other hand, the share of olive oil in EU 
vegetable oil consumption is about 15%, meaning that marked differences characterize the 
structure of vegetable oil consumption in the EU. In fact, three countries i.e. Italy, Spain and 
Greece, account together for about 1.2 millions tons annually, up to 90% of EU figure and 64% 
of world total tonnage. Obviously, given the weight that the EU carries in world consumption, 
the recent trend in EU member states mirrors the trend at world level. Detailed figures are given 
in Appendix II, Tab.3.4.2.1 and 3.4.2.2.
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Text Box 2
Asymmetric response of olive oil to price variations
Recent studies carried out in the US and in Spain demonstrated that the behavior of olive oil demand 
responds asymmetrically to price variations (Sullivan, 1997 for the study in the USA; Munoz Vilchez 
and Gomez Munoz, 1996, for the study in Spain). The demand drop caused by a price jump is smaller 
than the expected demand rise due to an equivalent decrease in price. This means that consumers who get 
used to the taste of olive oil do not replace it with another cheaper oil when the price goes back up. As a 
consequence price increases do not affect olive oil demand significantly, promotion and consumer 
education apparently being the most important factors (Appendix II, Fig. 19).
In fact, a market segmentation study of the US olive oil market in 1990, conducted on behalf of the 
International Olive Oil Council, reported that health was the driving factor that most influenced the rise 
of consumption. Furthermore, half of the respondents to the inquiry said that they would be willing to 
pay a little more for prepared or frozen foods which are made with healthier oils (Parras Rosa, 1996). 
The direction olive oil consumption has taken in the USA can be explained by the healthy nature of the 
product combined with the tendency of US consumers to attach importance to the scientific relationship 
between diet and health. The same tendency can be extrapolated reasonably to consumers in other 
industrialized countries (see Section II, 2.2).
These factors explain why from being a minority product used solely by the Latin community, of Italian 
extraction especially, olive oil has become a product which in the US is recommended by doctors and 
considered an external mark of quality amongst the better-off (Parras Rosa, 1996). Hence, even in a 
recessionary period like the recent one, penetration of olive oil in households rose during the period 
1987-1991 while it fell for other vegetable oils (Luchetti, 1992).
Another study commissioned by the International Olive Oil Council on the Australian market also 
reported health as the factor that most influenced olive oil consumption. In fact, about one third of 
respondents to the market research answered that health was the main determinant influencing their 
decision to buy olive oil (IOOC, 1989a, p.80). This market, which is the leading importer of packed 
Spanish olive oil, has shown a relatively high growth of consumption in olive oil, and its potential 
remains underexploited (Garing, 1993). Likewise, other market research and surveys on consumer habits 
and behavior have shown that health and taste are the determinants of consumption growth in Canada 
(IOOC, 1993a), Japan (IOOC, 1989c), Argentina (IOOC, 1993c) and northern European countries 
(IOOC, 1993c), while a survey in Turkey demonstrated that price and habits are the main determinants of 
consumer choice (IOOC, 1989b).
On the other hand, in countries where olive oil is totally unusual in dietary pattern (i.e. northern 
European countries and Japan, as well as among the new consumers of US and Canada), the taste of olive 
oil initially is an impediment and health concerns represent the driving force, until the consumers are 
educated to the taste of olive oil.
(ii) During the last 25 years, world consumption has shown two marked drops over the years 
1973-1979 and 1991-1993. Although a clear upward tendency has been most regular from the 
period after the last 1970s, a strong disruption occurred between 1973 and 1979, which took 
virtually four seasons to recover to the consumption levels of the very early 1970s. This 
disruption was caused by the world economic crisis coupled with USA’s prohibition of soybean 
exports which led to an inordinate rise in oil prices within a short space of time. Consumption of 
vegetable oils dwindled sharply and it was not possible to regain the lost ground until the very 
end of the 1970s (Guerbaa, 1990, p26).
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Moreover in an important consumer country like Spain, the fundamental causes put forward for 
the drop in olive oil consumption during this period are the economic crisis and the price 
liberalization approved in late 1974. Additionally, the US embargo on soybean exports to 
Europe triggered price rises on the free Spanish olive oil market throughout 1973 as a result of 
the increase in soybean prices. Accordingly, the government ordered intervention on the 
Spanish olive oil market in order to curb price rise. This was heightened by the government 
policy of freezing the price of soybean, which led to a rise in soybean consumption (Parras 
Rosa, 1996, p.26). Complete production and consumption figures —at world and EU scale 
respectively— are shown in Appendix n, Tables 3.4.2.1.1, 3.4.2.1.2, 3.4.2.1.3 and 3.4.2.1.4.
A further level of analysis has been carried out to test the validity of the model regarding 
vegetable oils, explained in section II.2.2. Detailed analysis and figures for the evolution of 
consumption of olive oil at world and EU levels are respectively shown in Appendix II, Tab. 
3.4.2.3 and 3.4.2.4. These figures reveal that during the period examined per capita consumption 
of olive oil has followed very different patterns in the various groups of countries under 
examination, i.e. (i) mainly producer, consumer-exporter countries, (ii) producer-mainly 
importer countries and (iii) importer only countries.
At world level, the highest growth in per capita consumption has been witnessed in USA, 
Canada, Argentina, Mexico, Japan, Australia. In the USA per capita consumption has more than 
trebled, while the figure in absolute terms has experienced a 330% rise. At the other extreme, 
Libyan consumption dropped by around 90%. Countries like Switzerland, Israel, and Jordan 
have recorded relatively important growth in consumption.
This represents the general trend of the last 15 years, which reversed the previous trend. In fact, 
the ensuing rise in olive oil prices during the seventies led consumers to look to other directions 
and generally to favour seed oils whose prices meanwhile had become very competitive... The 
EEC and the countries supplying it (...) realized that they had killed the goose who laid the 
golden eggs by charging prices which consumers were not able to pay (Luchetti, 1991, p3). 
Accordingly, consumption in the European Community entered a period of deep crisis over the 
years 1973-1979 which led to a decline in world consumption. Figures are listed in Appendix II, 
Tab.3.4.2.4. Then there was a recovery helped by the consumption aid introduced under EEC 
legislation in 1978, but in 1991 a situation developed similar to that experienced in the seventies 
as a result of the policies of thrift or high profit developed by some EEC countries.
Nevertheless, these policies did not have the same pernicious consequences witnessed 15 years 
earlier, and the decrease in consumption was relatively low.
From the standpoint of per capita consumption, overall stability characterises the trend of olive
011 consumption in the EU over the last three decades. Olive oil consumption has held steady in 
the major consumer countries and has rapidly grown in others. The only exception has been 
Portugal, where per capita consumption, almost halved up to the early eighties, passing from 
being a food item daily consumed and well embedded in the traditional food pattern to 
becoming more a luxury product used raw basically for salads. The trend of consumption per 
capita in Portugal over the last 12 years reveals that a recovery has been taking place, due to per 
capita income. The analysis of supply and demand has been carried out on the figures of the last
12 years, setting aside the crisis of the 1970s.
The highest per capita consumption of olive oil is in Greece, with an average value of about 19.6 
kg/inhabitant year over the last 12 years, although slightly declining over the last three years. 
This figure is almost twice the corresponding figure in Italy (10.9 Kg/inhabitant year), where it
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has been declining too, and Spain( 10.2 kg/inhabitant year), where it has been growing over the 
same period. Detailed figures are listed in Appendix II, Tab. 3.4.2.4.
The lower levels of consumption in Italy and Spain are due to the presence of relatively higher 
amounts of sunflower oil compared with Greek dietary patterns, which could be taken as a 
saturation level for human consumption of olive oil (Bonazzi, 1997a and 1996g).9 In Spain, per 
capita consumption can be interpreted as the expression of the strong economic growth 
experienced by this country during the last 12 years, combined with entering the EU.
Against the low per capita consumption of 15 years ago, and the olive oil demand in Germany, 
France, Netherlands, Belgium and Luxembourg, United Kingdom has grown dramatically over 
the last 12 years (eg. 200% in Germany and France, 350% in The Netherlands and 420% in the 
UK). Other EU countries, whose initial level of consumption 25 years ago was lower, have 
experienced an even higher increase in consumption. Detailed figures are given in Appendix II, 
Fig.3.4.2.4.1.
It is important to highlight that olive oil consumption in these countries has increased at a time 
when the general trend was to reduce fat consumption. Clearly, a substitution of animal and less 
healthy vegetable oils by olive oil has been taking place. In fact, US growth of per capita 
consumption of olive oil is setting the pace for most industrialized countries. Australia, Mexico 
and Argentina show a rise in demand of about 200-300%, while in Canada, Japan and Australia 
the corresponding figures are 400-500% during the same period. Detailed figures are given in 
Appendix II, Tab.3.4.2.5.
3.4.2 Trend and active scenarios: methodological framework
The driving force of the diffusion of a food product in the market is its competitiveness. Many 
elements interact in defining the competitiveness of olive oil versus other vegetable oils, and 
quantification of olive oil demand depends on the interaction of internal and external factors. 
The internal factors have been identified in population and income growth as well as consumer 
behavior, the external factors are cost and market price, where technological level as well as 
national and international policies play a fundamental role.
Accordingly, the olive oil sector has been analysed to explore the possible patterns for 
exploiting this opportunity for growth. Analysis of demand and supply patterns is fundamental 
for examining possible scenarios of competition or cooperation between Mediterranean olive oil 
producing countries (EU and Southern and Eastern Mediterranean Countries, i.e. SEMC). These 
hypotheses enable the projections to be explored at short-medium and long terms from the 
framework of different assumptions, leading to two basic scenarios: the trend (or passive) and 
the active scenarios for the olive oil sector, which are explored through different models at 
various time horizons (2000, 2010 and 2020).
The trend hypothesis is based on extrapolation of the current evolution of production and 
consumption, assumed to be more radically affected by the philosophy underlying the GATT 
agreements than by the Euro-Mediterranean policies of cooperation. Accordingly, it is 
dominated by market-based pressures toward even higher productivity and international
9 We can compare the olive oil consumption of today with the corresponding figure in ancient Greece, when the 
consumption per capita of Athenians citizens was about 35-40 kg annually. Nevertheless, the share of olive oil used 
in food preparation was between 20 and 25 kg annually, as the remaining share was mainly destined to body use.
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competition; a marked acceleration in the industrialization of the production patterns is expected 
in EU producer countries.
On the other hand, the active hypothesis is based on tailor-made models which have been 
structured by experts on the basis of strong policies oriented to promote both consumption of 
olive oil and technological and financial cooperation. These models take into account the 
following assumptions:
♦ the promotion of olive oil consumption in wealthy world markets, i.e. North America, 
northern EU, Australia, Japan, Brazil, Korea and Taiwan;
♦ significant technology transfers and techno-economic cooperation in selected Partner 
Countries (SEMC), i.e. Morocco, Algeria, Tunisia, Turkey and Syria, to optimize their 
underexploited production potential. Finally, this means progressively moving the focus of 
technology from mere productivity growth towards broader social and environmental 
targets.
3.4.3 Trend scenarios
3.4.3.1 Trend scenarios for olive oil consumption and production at country level
Generally speaking, production can easily vary thanks to planting new crops, which may reach 
full production in 10-15 years. Additionally, new techniques and technologies allow both quality 
and productivity to be increased dramatically, giving rise to important impacts of the whole 
olive oil production system on the environment and on employment. Detailed figures are listed 
in Appendix II, TabS,3kA.i.i LVi.A.I.
Nevertheless, it is possible to explore the recent evolution of olive oil production and outline 
some considerations about the expected short-term trends. Like the figures regarding olive oil 
consumption, we consider olive oil world production over the last 15 years. In this period, world 
production has registered an annual global increase of 1.6 %, that means a world average 
production trend for the year 2000 around 2,070,100 tons (International Olive Oil Council trend 
scenario (IOOC, 1994, p3).
Mediterranean countries account for about 97% of olive oil world production, and the EU 
contributes 78% of world production: EU production may increase at a yearly rate of 1.2% 
(average production of 1,544,300 tons for the year 2000) while Maghreb countries could 
increase their production by more than 20% if supported by technology transfer (IOOC, 1994, 
pp.3-12). Nevertheless, their share of world production will remain negligible compared with 
the EU. In the EU, the Spanish production share will increase from 40% to 50% of EU total 
bulk, while Italian production will decrease from 37% to 25%; Greek production will rise 
slightly from 20 to 23%.
Tunisia is the next major producer country after the EU, accounting for 7% of world production. 
The annual growth will allow Tunisia to reach 228,000 tons of olive oil production in the year 
2000, capturing 2 to 3% of the world figure.
Turkey is the third world producer after the EU and Tunisia; moreover, on the Machreq side, 
Turkey is the major producer country. However, its production share is declining, and the trend 
figure for the year 2000 is very difficult to estimate. Nonetheless, Turkish ministerial sources 
predict that olive oil production in Turkey will rise during the next decade, following a radical 
improvement of the Turkish production system. This could allow Turkey to produce in the year 
2000 about 120,000 tons (IOOC, 1996a).
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Moroccan production is rapidly modernizing, and new crops have been planted in recent years. 
This trend will be maintained by the government, which intends to invest heavily in the olive oil 
sector. The annual growth of production is estimated to account for about 7%, which will allow 
Morocco to produce slightly less than 70,000 tons by the year 2000. Recent estimates by the 
Moroccan Ministry of Agriculture outline for the year 2020 a tremendous production increase, 
which would allow Morocco to produce up to 250,000 tons by that date (IOOC, 1996; Moroccan 
Ministry of Agriculture and Agricultural Revalorization, 1995).
Production in Algeria will probably remain low, due to the difficult political and economic 
conditions of the country. Trend projections estimated by the International Olive Oil Council 
give an annual growth of about 7.5%, which corresponds to a production of about 32,000 tons 
for the year 2000.
Other minor producer countries (i.e., Argentina, Cyprus, Israel, Jordan, Lebanon, ex- 
Yugoslavia) and minor producer-mainly importer countries (e.g. Australia, US, Brazil, Mexico, 
Peru) will reach together about 86,000 tons for the year 2000. Among them Argentina should 
increase its production significantly, followed by Australia.
Over the last 15 years, olive oil world consumption has increased at a yearly rate of 1.0%, lower 
than the yearly average production rate (i.e. 1.6%), but this did not lead to problems of stocks, 
as the characteristic alternate bearing coupled with the fluctuations in demand has harmonized 
the equilibrium between the two parameters (IOOC, 1994, p. 1-3). Generally speaking, at world 
scale olive oil consumption will reach 1,975,000 tons by the year 2000, with three quarters 
consumed by the EU (according to the IOOC trend scenario (IOOC, 1994, p4). It is worth 
noting that EU consumption has grown by 0.6% p.a., lower than the related production rate 
(1.2%): this means that if this trend is maintained the ratio consumption/production will 
decrease from the current 97.6% to 91.1% in the year 2000.
In the short term, with respect to the crop years 1995-1996, demand lies above the level of 
supply by about 100,000 tons, although the usual problem is overproduction. In deficient crop 
years, consumption has been reduced by limited supply which triggered sharply mounting 
prices. The consumption estimated for 1996-97 points to a rise, albeit with a less marked growth 
than the increase expected in production. The level of consumption will depend on the 
opportunity for expansion of demand in the mainly producer countries, as well as on the demand 
trend in the mainly importer countries, notably those where the IOOC is running its promotional 
activities. Aggregate consumption in those countries is expected to grow during the next year by 
about 11.3% from the 1995-96 level and by 5.1% with respect to the average for the preceding 
four crop years. The pick-up in consumption in 1996-97 will apply to almost all the countries 
involved in the olive oil market (Parras Rosa, 1996).
Accordingly, in mainly producer-exporter countries the estimate for consumption is about
1,683,000 tons, compared with 1,530,000 tons in 1995-96 and with the four-year-average of
1,624,500 tons. Long term activities of commercial promotion carried out by the International 
Olive Oil Council suggest a continuing increase in world demand for olive oil in the short term, 
even if it is difficult to produce exact estimates. The importer countries with high purchasing 
power (i.e. US, Australia, Canada, Japan and northern EU) are very promising and expanding 
markets, as they show high sensitivity to health concerns related with olive oil. Consumer 
information, rather than price, has been identified as the limiting factor: effectively through the 
last 10-12 years of promotional campaigns the consumption in these countries has more than 
doubled, reaching the respectable volume of 195,000 tons, with the US accounting for 58% of
104
this figure. Over the same period a group of other minor importer countries (eg.Brazil, Saudi 
Arabia, Russia, Switzerland) has shown the same trend, doubling their consumption. Only Libya 
has reduced its consumption by 90%, basically due to new radical political orientations.
The group of producer-mainfo importer countries expects to witness a consumption rise from
157,500 in 1995-96 to 183,000 tons in 1996-97. After the decline observed in 1995-96 in US 
consumption, which is the leading country of this group, consumption is expected to recover 
quite sharply from 110,000 to 123,000 tons, set against the average of 111,300 tons for the 
preceding crop years. Relatively large supplies combined with the expected drop in prices are 
believed to be lie behind this recovery in US demand. The same trend is anticipated in Australia, 
where an IOOC promotional campaign is also being carried out and where the outlook is for an 
upturn in consumption to about 20,000 tons after an important drop in 1995-96.
Likewise, quite a substantial improvement in consumption is expected in the group of importer- 
onlv countries. estimated to grow from 63,000 in 1995-96 to 83,000 tons in 1996-97. The most 
important countries of this group, i.e. Canada and Japan, will witness a rise from 14,000 ton to
17,000 tons and from 17,000 tons to 22,000 tons respectively during the next campaign (IOOC, 
1996b, p.13).
In the light of the previous considerations, it is now possible to analyse the evolution of both 
consumption and production figures over the years 1982/83-1995/96 and accordingly to sketch 
out the trends expected in the main consumer countries for the year 2000, assuming that the 
current trend will be maintained (IOOC, 1994, pp.2-4).
1. Mainly producer, consumer-exporter countries
The overall figures for olive oil production and consumption in the EU are indicated 
respectively in Appendix II, Tab.3.2 and 3.3, and in Fig. 23 and 24.
Spain has witnessed a growth of consumption much more constant than the corresponding 
production figure. The average consumption of Spain is about 385,000 tons p.a., which 
represents about 73% of its domestic production. The increase of olive oil consumption is about 
1.9%, compared with the 3.3% p.a. increase in production. Accordingly, the projections for the 
year 2000 make Spain the second world consumer of olive oil, with an expected consumption of 
about 484,000 tons, corresponding to 63% of its production for the same horizon and to 34% of 
EU consumption.
Surprisingly, in Italy olive oil consumption is higher than domestic production. Italy will remain 
the most important world consumer up to the year 2000, consuming about 630,000 tons yearly. 
In Italy, consumption is slightly declining at an annual rate of 0.2%, so that consumption will 
decline to 128% of production at the horizon 2000, accounting for about 613.000 tons annually, 
which corresponds to 44% of EU consumption and 157% of Italian domestic production.
In Greece the consumption is slightly decreasing at 0.4% p.a.. Average annual consumption is 
about 200,000 tons, representing 15 % of the EU figure and 74% of domestic production. The 
projections for the year 2000 estimate Greek average consumption to be about 13% of the EU 
figure and 56% of domestic production, accounting for about 190,700 tons annually.
Portugal is witnessing a negative trend in olive oil production and positive in consumption. 
Average figures of production and consumption are similar over the last 12 years, i.e. 36,000 
tons annually, representing 2% of EU consumption, which will become 3% at the horizon 2000, 
corresponding to 126% of domestic production.
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Amongst the Partner Mediterranean countries, Tunisia is the major producer country after the 
EU, accounting for 7% of the overall world figure. Tunisian olive oil consumption has remained 
more or less steady over the last 12 years, while production has grown rapidly, driven by the 
increasing share exported to EU markets. The annual growth rate of Tunisian olive oil 
consumption is slight, about 0.9%, and the projections for the year 2000 estimate about 57,000 
tons of olive oil consumed, leading to an estimate for a potential annual export bulk of about
70.000 tons. Tunisian production is expected to reach 228,000 tons in the year 2000. Detailed 
figures and graphs on Tunisian olive oil production and consumption are given respectively in 
Appendix II, Tab.3.4.3.2, Fig.25-26.
Among the countries which seem likely to reverse the current negative trend in both production 
and consumption, Turkey appears to be one of the most important. In fact, this country has 
witnessed an important lowering of olive oil production and consumption over the last decade, 
at around 4% annually. Moreover, the fluctuations of this value are very high. Accordingly, it is 
very difficult to make projections, although Turkish ministerial sources estimate that an 
important increase in both production and consumption will take place from the current year to 
the years 2000 and 2010, which will restore the figures to the levels of the early eighties; 
estimates for the year 2000 are about 120,000 tons for production and 75,000 tons for 
consumption. Detailed figures and graphs are given in Appendix II, Tab.3.4.3.3, Fig.27 and 28.
Olive oil consumption and production in Morocco have risen during the last 15 years. The 
average figure is about 34,000 tons yearly, with a growth rate of about 5.4% per year. Demand 
for vegetable oils in Morocco is very large and mainly depends on imports: as a consequence, 
the Moroccan government intends to reduce the dependence on imported seed oils and to invest 
heavily in the olive oil sector. Nevertheless, the efforts of the government will probably be 
more evident in the medium term, as trend projections — giving a figure of about 58,000 tons 
for consumption and 67,000 tons for production — seem to be more accepted by experts. 
Detailed figures and graphs are given in Appendix II, Tab.3.4.3.4, Fig.29 and 30 (Fontanazza, 
1996, personal communication). On the other hand, Moroccan production is rapidly 
modernizing, and new olive crops have been planted in recent years. Accordingly, the annual 
growth of production, now estimated at about 7%, is expected to increase. Official estimates 
provided by the Ministry of Agriculture show a tremendous production increase up to 2020, 
which would allow Morocco to produce up to 250,000 tons in that year (IOOC, 1996a, pp.2-3).
Syria is the last among non-EU Mediterranean country in which both production and 
consumption of olive oil are expected to grow significantly over the next years. Although 
fluctuations in production are still very high, recent programs of technology transfer are 
expected to smoothen the characteristic alternate bearing of the olive production in this part of 
the Mediterranean basin. Current average production is about 58,000 tons, with a yearly growth 
rate of 2.2%. Nevertheless, thanks to a strong effort foreseen by the government, estimates for 
the year 2000 foresee a production level of about 118,000 tons. Consumption in Syria has 
followed the same trend as production, but presenting less fluctuation. Current average figure 
for consumption is about 60,000 tons, presenting a limited growth rate. Nevertheless, driven by 
important changes in Syrian attitudes towards the olive oil economy, consumption is likely to 
reach about 85,000 tons in the year 2000 (IOOC, 1996a, p.2). Detailed figures and graphs are 
given in Appendix II, Tab.3.4.3.5, Fig.31 and 32.
Algeria is the remaining Partner country characterized by a relatively high potential in terms of 
olive oil production and consumption. Its current average production and consumption are
16.000 tons, with consumption at the same level. Production and consumption growth rates are
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respectively 7.5% and 5.7% p.a., leading to forecasts of a production level of about 32,000 tons 
and a consumption level of about 28,000 tons in the year 2000.
2.a Producer, mainlv consumer countries
On the side of the main producer- mainly consumer countries, the USA is the most 
representative example of the importance of consumer education about health and taste concerns 
for growth in consumption of certain vegetable oils, especially in a country where per capita 
consumption of oils and fats has effectively reached saturation levels. In this light, substitution 
of animal fats by vegetable oils and a shift of consumer preference from less to more healthy 
and tasty vegetable oils has clearly been taking place.
Consumption levels of olive oil in the USA were originally due essentially to ethnic minorities, 
mainly Latin (Italian, Spanish, Greek, Portuguese and to a lesser extent South American). Both 
scientific evidence regarding the health performance of Mediterranean diet and the related 
promotion carried out by the IOOC have led to an important jump in consumption of olive oil in 
many industrialized countries, especially in the US, where the consumption of olive oil passed 
from about 25,900 tons in 1982 to more than 115,000 tons in the 12 years from 1982 to 1994. 
Detailed figures and graphs are given in Appendix II, Tab.3.4.3.6, Fig.33. The growth rate has 
been only slightly less than 12% each year.
Given this trend, the figure for the year 2000 is about 148,400 tons, excluding olive-pomace 
oils, whose consumption during the period examined has fluctuated between 18,000 and 95,500 
tons.
Like1 the US, Australia is the other country with a very low olive oil production, which allows 
it to be classified as a producer, mainly-importer country. According to the considerations set 
out in chapter 3.4.2, per capita olive oil consumption in Australia is witnessing a rapid growth, 
in line with the same trend observed in other industrialized countries. As in the USA, the initial 
level of consumption of olive oil was due to Latin and Greek ethnic minorities, attaining about 
4,600 tons in 1982. As a consequence of a similar promotion campaign carried out by the IOOC, 
olive oil consumption has increased to 17,000 tons in 1993, and is still growing. Detailed figures 
and graphs are provided in Appendix II, Tab.3.4.3.7, Fig.34. The annual growth rate is similar to 
that registered in the US, about 10.9%. This allow to forecast a consumption level of about
22,000 tons for the year 2000 (Segovia, 1996, personal communication).
In France consumption of olive oil is about 14 times higher than production. It represents 2% of 
EU average consumption, which is expected to grow up to 3% at the horizon 2000. In the 
remaining EU consumer countries, olive oil consumption is very low, accounting for not more 
than 1-2 % of EU average bulk over the last decade. Nevertheless, during the period examined 
consumption has grown rapidly, at an annual rate of about 13.6%. If this trend is continued, it 
will lead to a consumption of about 3% of the EU average figure for the year 2000. If we group 
Germany, Netherlands, Belgium, Luxembourg and United Kingdom, i.e. the countries identified 
in section 3.4.2 as those where the growth rate has been very important, we can suggest a 
consumption trend similar to that of US and Australia. Detailed figures and graphs are provided 
in Appendix II, Tab.3.4.3.8, Fig.35.
2.h Remaining producer countries
The group of other producer countries includes minor producers like Argentina, Cyprus, Israel, 
Jordan, Lebanon, ex-Yugoslavia and the producer, mainly-importer countries, i.e. Brazil, Chile, 
Mexico, Peru, Iran, Iraq, Egypt, Libya and the remaining very small producer countries. The
107
production of these countries is globally increasing over the last years, accounting for an 
average value of about 63,000 tons each year. Production fluctuations are important, due to the 
relatively low technological level.
Annual growth of production is about 2.6%, and production is likely to grow up to 86,000 tons 
in the year 2000. On the consumption side, a marked decrease has been witnessed, due to the 
drop in consumption in Libya from 1988, which in 1995 had reduced its consumption to less 
than 10% of the levels in the early eighties. As Libya accounted for about one third of the global 
consumption bulk of these countries, the decrease of demand has not been compensated by the 
increase witnessed in the other countries of the group.
Detailed figures and graphs are provided in Appendix II, Tab.3.4.3.9, Fig.36 and 37. 
Nevertheless, without Libya the trend of consumption growth of the group is positive, 
accounting for 1.6% yearly growth (IOOC, 1994, pp.20-21).
3. Importer-only countries
In this group are classified the countries which depend on the international market to satisfy 
their demand for olive oil, i.e. Japan, Canada, Saudi Arabia, ex-USSR, Switzerland, and other 
minor only-importer countries. Consumption in this group has doubled over the last 12 years to
62,500 tons in 1994 with an annual growth rate of about 6.2%. This estimates allows to foresee a 
trend consumption figure of about 83,700 tons for the year 2000. Detailed figures and graphs for 
Japan, Canada and for overall importer-only countries are provided in Appendix II, 
Tab.3.4.3.10.1-2-3, Fig.38.
3.4.3.2 Trend scenarios for olive oil consumption and production at world scale
The analyses for the different olive oil producer and consumer countries can can now be 
combined to give the global trend figures for production and consumption of olive oil. Several 
models have been outlined for studying the trend patterns of supply and demand for the horizon 
2000:
(i) sum of the linear extrapolations of the trend figures calculated for each country, given 
by regression analysis of historical data. Different models are considered for each country. In 
this light, a variant including the trend figures supplied ad hoc by the ministries of selected 
SEMC countries has been analysed as w e l l (calculated trend scenarioI:
(ii) linear extrapolation of the world trend (projected trend scenarioI. The underlying 
hypothesis is that the behavior of world demand is almost homogeneous in producer and 
wealthy countries altogether, as the driving force is consumer preference and behavior. This 
means that the extrapolation of the demand at world scale may substitute the sum of the 
extrapolations calculated for each single country (Appendix n , from Figure 23 to Figure 38). A 
similar process has been applied for estimating production figures. Detailed data are provided in 
Appendix II, Tab.3.4.4.1, Fig. 39. According to these figures, this extrapolation for the year 
2000 of the regression lines gives 1,950,000 tons and 2,005,000 tons respectively for world 
consumption and production.
(iii) the linear trend projections supplied ad hoc by the International Olive Oil Council 
(IOOC trend scenario: reworked from IOOC, 1996a).
10 Ministerial sources from Turkey, Syria, Israel, Cyprus — instead of the projections given by the regression 
analysis of historical data—  have been used for this calculation of this variable. The reason for this choice is that 
important changes in government policy with respect to olive oil production and consumption are taking place or 
are expected.
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We compare the figure of the calculated trend scenario with the corresponding figure developed 
by the IOOC {IOOC trend scenario, IOOC, 1994, Annex, pp. 1-3). The agreement is very close, 
i.e. 99% with a confidence level of 0.05%. Detailed figures and graphs are provided in 
Appendix II, Tab.3.4.4.3.1 and 3.4.4.3.2 and Fig. 41 and Fig.42.
Moreover, the analysis of the extrapolation for the year 2000 of the regression lines indicated in 
Appendix II, Fig.39 and Fig.40 (projected scenario) shows for olive oil consumption and 
production the respective figures of 1,950,000 tons and 2,005,000 tons approximately. These 
results are in concordance with the others previously examined. In fact, the comparison between 
the trend calculated, projected and IOOC scenario shows a substantial agreement between the 
three models: this implies that supply will be significantly higher than demand, which means 
that buffer compensating stocks should be maintained. Detailed figures and graphs are shown in 
Appendix II, Tab.3.4.4.3.3, Fig.43.1, Fig.43.2 and Fig.43.3.
Accordingly, it is reasonable to accept the average figure among the three scenarios analysed, 
i.e. calculated, projected and IOOC, as a satisfactory consensus figure representing the trend 
scenario for world consumption and production of olive oil for the year 2000.
In this light, it is possible to outline the structure of future consumption and production of olive 
oil at world scale for the year 2000, taking into account the share of production and consumption 
of the main countries. Detailed representation of these figures are given in Appendix II, Fig.44 
and 45. At the 2010 and 2020 horizons, the projections available are only those coming from the 
models, and both linear and non-linear extrapolations are studied. Non-linear extrapolations are 
examined in order to take into account the saturation of both supply and demand, whose patterns 
are supplied by the ministerial sources and opinions of experts. A similar extrapolation could be 
made for the year 2010 utilizing the regression lines of the most important olive oil consuming 
countries shown in appendix n, Fig.49.1 to 49.9. These figures are in agreement with the figure 
given by the linear extrapolation of world consumption and production of olive oil indicated in 
Appendix II, Fig.39 and 40.
This process allows to estimate 2,140,000 tons for world consumption and 2,217,500 tons for 
production as shown in Figures II.9 and 11.10 respectively (also in Appendix II, Tab.3.4.4.3.4, 
Fig.49.10). So far no projections of the IOOC are available for that horizon so that the range of 
uncertainty is relatively wide.
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Figure II.9
World production of olive oil: Trend Scenario
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3.5 Active scenarios
In this section the active scenarios will be explored. Generally speaking, they are based on a 
policies oriented to promote sustainable development by incorporating broader social, 
environmental and cultural objectives.
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3.5.1 Olive oil consumption and production: active scenarios
In the previous sections, we have seen that the trend scenario is based on different 
extrapolations of the current evolution of olive oil demand and supply: it is assumed to be more 
radically affected by the GATT agreements and associated philosophy of liberalization than by 
the expected Euro-Mediterranean policies of cooperation with less favoured countries. 
Accordingly, it appears to be dominated by market-based pressures toward even higher 
productivity and international competition.
On the other hand, the active scenario, which will now be explored, is based on the hypotheses 
described in section 3.4.1. Summarizing, it foresees the radical optimization of the potential 
offered by the olive oil sector for achieving the 'appropriate' objectives, to fulfil the objectives of 
cooperation and prosperity-sharing outlined in the framework of the Barcelona Conference. This 
mean to foster the growth of world demand of olive oil on the one hand, and on the other hand 
to transfer ‘intelligent’ technologies to promote the production, quality and efficiency of the 
olive oil sector in Southern and Eastern Mediterranean Countries (SEMC).
Synthesizing, the main assumptions are :
♦ the promotion of olive oil consumption in wealthy world markets (i.e. North America, 
northern EU, Australia, Japan, Brazil, Korea and Taiwan);
♦ technology transfers and techno-economic cooperation in selected SEMC ( i.e. Morocco, 
Algeria, Tunisia, Turkey and Syria), to optimize their underexploited production potential.
The resulting active scenario has been shaped on estimates provided by experts for the most 
important countries consuming and producing olive oil.
This strategy, meaning “rising demand and transferring ‘intelligent’ technologies” , 
incorporates both consumption increase in wealthy countries and production rise in less 
favoured Mediterranean countries. Finally, this means to move the focus of technology 
progressively from mere productivity growth towards broader social, environmental and cultural 
targets. These suggest important new opportunities for the olive oil industry to promote 
sustainable growth and cooperation in all producer countries of the Euro-Mediterranean area.
3.5.2 Active scenario for olive oil consumption: methodological approach
Two sets of estimates have been formulated by two groups of experts: the former comes from 
both academies and national bodies of the olive oil producing countries, the latter from the main 
international organization (International Olive Oil Council, i.e.IOOC). All estimates are 
developed by adjusting the available time series for demand and supply to the best functional 
form (i.e. linear, logarithmic, polynomial, exponential). The first set of experts has worked on a 
country by country basis, while the second on a more aggregated level (by groups of countries 
and regions). In some cases, where the country situation is better known, different functions give 
the same result (e.g. the US), while in others there is larger uncertainty as different functional 
forms lead to different interpretations (e.g. Australia).
(i) Expert-based scenario 
This model estimates both demand and supply of olive oil on a country-by-country basis at both 
2000 and 2010 horizons. Two variants structure this model:
111
The first variant of this scenario {strong hypothesis) has been based on the "black-box" 
estimates given by the ministerial experts of the demand and supply behavior for selected 
countries, which have been considered only if accepted by a reasonable number of experts. On 
the supply side, this model foresees a significant technology transfer and cooperation between 
the EU and selected SEMC, while in the EU the production level is assumed to grow at the rate 
currently experienced.
In the second variant (weak hypothesis) promotion is taken to effect a demand rise in the 
different countries, estimated by experts from "best fitting" non-linear representation of the most 
recent available homogeneous time series, extrapolated to the different time horizons on a 
country-specific basis. These estimates are less optimistic than ministerial sources on the effect 
of EU policies promoting consumption of olive oil and technological as well as financial 
cooperation.
The resulting models and equations are set out in Appendix II. Basing on expected trend in 
population growth (Appendix II, Tab.3.5.1), experts have estimated the figures for olive oil 
consumption for the following countries (Appendix II, Tab.3.5.2): Fig.50.1-2 (US), Fig.51.1-2 
Australia, Fig.52 (Canada), Fig.53 (Japan), Fig.54 (Germany, Benelux and UK), Fig.55 (Brazil 
and Argentina), Fig. 56 (Turkey), Fig.57 (Morocco), Fig.58 (Syria).
In cases where more than one model fitted the available data equally well, both of all have been 
plotted to show the different demand projections. Usually, the most moderate is adopted (e.g. 
Japan). IOOC expertise is found to be particularly valuable in these cases.11 In those countries 
where promotion has been carried out in a constant way for several years, there is agreement 
between the results obtained from different fitted functions. For instance, in the case of US we 
see essentially the same results from two models, one logarithmic and one polynomial 
(Appendix II, Fig.50).
The analysis for Australia is similar to that for the US: the promotional campaign has already 
been carried out over a significant number of years and, additionally, per capita levels of 
consumption are relatively high for a non-Mediterranean country (more than twice the figure of 
US), due to the significant share of the population having Mediterranean origin. Accordingly, 
the most moderate amongst the models has been adopted.
On the other hand, countries like Canada (Appendix II, Fig.52), Japan (Appendix n, Fig.53) and 
northern EU countries (Appendix II, Fig.54) as well as Brazil and Argentina (Appendix II, 
Fig.55) follow a pattern which takes into account the dramatic demand growth following the 
initial phases of promotion.
As for the previous models, the data supplied by ministerial sources have been utilized in 
selected SEMC for the year 2000, i.e. Morocco, Syria, Cyprus and Turkey, and are in substantial 
agreement with the ad hoc theoretical models. No information was obtained (except for 
Morocco) for the year 2010. The difference between the trend and active scenarios at world 
scale coming from this model are shown in Appendix II, Tab.3.5.2.
Analysis of these results confirms that demand in countries already experiencing important 
promotional campaigns (i.e. US and Australia) will not grow very much more than their current
11 Significant contributions has been provided by Mr.Fausto Luchetti, Executive Director of the IOOC, Mr.Hedi 
Guerbaa, Adjoint Director, Mr.Aurelio Segovia, Director of Promotion, and Mr Ahkmed Tusani, Technical 
Director, whom we address our best acknowledgements.
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trend. On the other hand, countries like Japan, Canada and northern EU are expected to see a 
major rise in demand under the hypothesis of promotion. This means that their current per capita 
consumption levels are still far from saturation. Brazil and Argentina will see a moderate 
increase of demand in the short term, because little promotion has been carried out so far.
On the SEMC side, according to the indications of the respective Ministerial sources, Morocco 
and Turkey could become important potential consumers of tomorrow. Nevertheless, the history 
of national programs for intensification of olive crops in these countries leaves serious doubts 
about the feasibility of these projections, suggesting that they should not be accepted at face 
value. Accordingly, we prefer to distinguish between the “strong” and the “weak” hypotheses, 
meaning that we accept or discard the projections given by the ministerial sources of these 
countries . Detailed data have been listed in Appendix n, Tab.3.5.3.
(ii) IOOC-based scenario ( International Olive Oil Council)
This model has been set up entirely on the basis of estimates developed by experts of the 
International Olive Oil Council (IOOC). The hypothesis of a constant promotional campaign 
underlies this scenario. The results are considered at two time horizons (summarized in 
Appendix II, Tab.3.5.4).
(Hi) Summary of the scenarios
Finally, it is possible to summarize the projections concerning the different 
models of the active scenario; olive oil consumption is explored at both 2000 and 2010 horizons 
for main consumer countries. Detailed values for both active models are listed in Appendix II, 
from Tab.3.5.2 to Tab.3.5.6. We find that the differences between the estimates from the 
different models for both 2000 and 2010 time horizons are not significant (Appendix II, Fig.62). 
Accordingly, it is possible to obtain from them the average value, shown in Figure II. 11.1 and 
II. 11.3 (also in Appendix II, Tab.3.5.7, Figs.59 and 60).
Although for the medium terms the differences between the ‘strong’ and ‘weak’ hypotheses are 
also not significant, the average value has not been taken as representative, as the ‘strong’ 
hypothesis has been rejected. In fact, the expert-based model (‘weak* hypothesis) has been 
preferred as it fits well the estimate given by the IOOC in the fourth model (Figure II. 11.1).
Figure I I .ll.l  World olive oil consumption for the years 2000 and 2010: comparison 
between active and trend scenarios
Scenario Horizon 2000  (thousand  to n s )  Horizon 2 010  (thousand  to n s )
A verage T rend 1 9 6 5 .6 2 2 1 7 .5
Active E xpert-based(i) 2 1 3 8 .1 2 5 2 4 .1
( strong h ypo th esis)
Active E xpert-based  (i) n.a. - 2 3 7 1 .1
(w eak  h yp o th esis)
Active IO O C -based (ii) 2 0 4 4 .5 2 3 7 2 .5
A verage A ctive 2 0 9 1 .3 2 4 2 2 .5 7
A ccep ted  C alculated A ctive 2 1 3 8 .1 2 3 7 1 .1
Accordingly, it is possible to synthesize the results obtained for both scenarios and time 
horizons; see Figure II. 11.2 (also in Appendix II, Fig.61). Additionally, it is possible to separate 
out the most important olive oil consumers at world scale for the horizon 2010; they are 
represented in Appendix II, Fig.63.
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Figure H.11.2
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Additionally, it is possible to identify a model to take into account the saturation of consumption 
in the long term (year 2020). The reasons why the logarithmic curve has been preferred to both 
linear and logistic models are: (i) linear behavior does not incorporate the saturation dynamics 
described in the saturation process; (ii) the logarithmic pattern may incorporate demographic 
increase due to world population growth; (iii) the logistic curves do not reflect the rapid increase 
in the first time intervals, although it incorporates the "Engel-curve" saturation behavior. 
Definitely, the logarithmic curve has been preferred because it simultaneously incorporates the 
rapid increase in the earlier time intervals as well as the smoothening behaviour due to 
saturation in the later time intervals. The comparisons between both trend and active 
logarithmic patterns are represented in Appendix II, Fig.75.
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Figure II.11.3
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3.5.3 Active scenario of olive oil production: methodological approach
The principle of the active scenario described in section 3.4.1 has been considered. According 
to this model, EU production is assumed to increase at the current growth rate, while production 
is suppposed to grow according non-linear models in selected SEMC. These models have been 
provided by experts on a country by country basis: figures are shown in Appendix II, from 
Fig.64 to Fig.73.
The figures of trend production have been provided for the EU (Appendix II, Fig.64) and 
remaining producer countries (Appendix II, Fig.65), in order to compare them with the figures 
of the active scenarios. Thanks to technological and financial coooperation, selected SEMC 
could improve significantly their production potential in the olive oil industry. The production 
potential of these SEMC has been given by respective ministerial sources: experts have based 
their evaluations on these estimates.
Detailed figures and corresponding graphs are provided in Appendix II for the main olive 
producing countries: Tunisia (Tab.3.4.3.2, Fig.66), Turkey (Tab.3.4.3.3, Fig.68), Morocco 
(Tab.3.4.3.4, Fig.67), Syria (Tab.3.4.3.5, Fig.69) and minor producer countries (Tab.3.4.2.1.4, 
Fig.65), Algeria (Fig.70). Overall figure for production in the active scenarios are shown in 
Figure II. 12.1. Detailed data as well as a summary of the difference between trend and active 
scenarios for production are provided in Figure n.12.2 (also in Appendix II, Tab.3.5.8, Fig.73).
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Figure II. 12.1
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3.5.4 Active versus trend scenarios: world production and consumption of olive oil
Finally, extrapolation of the patterns of olive oil production and consumption to both horizons 
2000 and 2010 has been extended to the horizon 2020, following the considerations anticipated 
for analysing consumption. Detailed data are listed in Appendix II, Tab.3.5.9 and Figs.71 to 
73, where the summary of all the trend and active scenarios has been provided out for the 
different time horizons. Their representation is shown in Appendix II, Fig.74. The overall 
figures for olive oil production and consumption assumed in trend and active scenarios 
(horizons 2000, 2010 and 2020) are shown in Figure n.13 (also in Appendix II, Fig.75).
Figure 11.13
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and supply
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4. Discussion: competition or sustainable co-development?
The analysis of the Trend and Active scenarios for olive oil demand and supply have shown that 
significant differences are apparent.
Accordingly, the Trend scenario predicts:
♦ strong improvement of technological performance of EU olive oil industry, leading to 
dramatic increase of production and productivity, primarily in Spain;
♦ loss of jobs in high productivity systems and increasing economic disparity between high 
and low productivity systems in the EU;
♦ loss of competitiveness and market for marginal production systems in the EU;
♦ ideal situation for trans-national companies, which can benefit from the high concentration 
of production facilities and high production;
♦ overproduction of olive oil on the EU side: overall, supply and demand for olive oil are 
expected to rise at different rates: demand is not balanced by the dramatically increasing 
production potential of some EU countries, primarily Spain;
♦ limited technological and financial cooperation between SEMC and the EU;
♦ little improvement in terms of technology, labour and economic performance of the olive oil 
industry in Southern and Eastern Mediterranean Countries (SEMC), who remain 
technologically and financially dependent on the EU countries;
♦ loss of competitiveness due to the increasing disparity between SEMC and EU technological 
and economic levels;
♦ marginalization of SEMC from world market and under-exploitation of the opportunity for 
their socio-economic development coming from growing olive oil world market,
Clearly, the objectives of sustainable development are not fulfilled: ultimately, this means that 
market and technological prospects are not sufficient to guarantee sustainable development 
when policies are not shaped to bridge the gap between poorer and richer economic systems.
On the other hand, the Active scenario suggests both EU and SEMC could share in an equitable 
way the opportunities for development offered by world demand, in order to fulfil the objectives 
of sustainable development (see Part I, section 1.1 to 1.4). This could be brought about by 
technological and financial cooperation between the EU and SEMC, together with the effort to 
limit the increase of olive oil production in the EU to the current levels by restructuring the EU 
subsidy system. World demand for olive oil will be increased further by promotional campaigns 
in growing markets in wealthy countries, opening promising opportunities for growth of the 
market for olive oil produced in SEMC. In this light, this scenario would allow both EU and 
SEMC to take full advantage from the market and technological prospects for olive oil and to 
offset some of the negative effects of globalization.
In fact, globalization is leading EU and SEMC olive oil industry in the opposite direction of 
increasing their socio-economic gap:
♦ due to their lower technological and economic performance, SEMC olive oil producers are 
progressively excluded by world markets, which are showing more and more sensitivity to 
both quality and competitiveness concerns;
♦ EU producers are increasing their quality and competitiveness thanks to the subsidy system 
which encourages production and productivity: this creates the problem of overproduction, 
increasing socio-economic disparity between high and low productive systems, loss of jobs 
as well as environmental and cultural quality.
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In the EU the subsidy system for olive oil should be restructured to encourage environmentally-, 
labour- and cultural-friendly production systems rather than production and productivity. This 
would allow the growing world market to be shared with SEMC producers, which would 
improve their performance in terms of quality and market by technological and financial 
cooperation from the EU. In this light, SEMC market growth is not expected to come at the 
expense of EU shares, but is encouraged to shift to complementary market niches with respect to 
the EU: SEMC are expected to maintain their current market shares, but are encouraged to make 
their production and quality grow at the same rate of world demand.
Technological and financial cooperation would clearly play a pivotal role in this process. On the 
production side, driven by the market forces identified, the olive oil sector is already witnessing 
a very important technological change, mostly concentrated in the EU countries. This could 
allow significant improvement of the environmental and quality performances of the olive oil 
production chain during the next 10-15 years, with important repercussions for job creation and 
environmental protection. Finally the active scenario demonstrates the importance of an 
integrated ‘intelligent’ technology transfer package for the next 10-15 years, dedicated to 
preserving the olive agri-ecosystem as well as the large labour force employed mostly in the 
SEMC.
In this light both EU and SEMC could work together to optimise world market growth, increase 
employment and protect the environment, by promoting the complementarity of their different 
production patterns. Failure to do this could exacerbate the existing gaps. Technology will be a 
pivotal factor in addressing employment-sharing and environmental objectives. The product and 
market differentiation option needs to be examined without excluding the fostering of important 
technology transfers combined with strategies for controlled mobility and training of the labour 
force throughout the whole Mediterranean region. These actions allow new scenarios for SEMC 
producers to be identified:
The short term horizon (year 2000)
Both market and technological prospects make olive oil particularly attractive for some of the 
SEMC, which are embarking on production strategies directed towards ‘export’ or ‘domestic 
consumption’ objectives. This trend is followed by Tunisia, Syria, .oM, Morocco. They will 
become more important producers, together accounting for 22% of world production and 9% of 
consumption. /
The medium term horizon (2005-2015)
The rising star in the south Mediterranean olive oil scene will be Tunisia, while Morocco could 
take second place, overtaking Turkey. Significant technological modernization will make it 
possible to increase its olive production by up to 50%, in order to meet a 2-3 fold growth in 
demand. Syria also will witness a further growth of both olive oil production and consumption, 
becoming a very important producer country in the Middle East.
The long term horizon (2020-2025)
In the longer term Morocco may also promote a further radical restructuring of its olive oil 
sector, with the aim of quadrupling olive production, doubling whole olive exports and 
increasing 6-fold both olive oil production and consumption. The challenge is to reduce the 
tremendous deficit in the oils and fats sector (70% comes from imports), to curb both rural 
depopulation and emigration, as well as to preserve its environment and the integrity of its 
cultural patterns.
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In this light, the active scenario predicts that the production potential of selected Southern and 
Eastern Mediterranean Countries (SEMC) should be developed more to enable them to benefit 
from the increase of world demand fostered by promotional activities in wealthy markets. On 
the EU side production and productivity rise should be limited by restructuring of the current 
subsidy system, which is encouraging production and productivity rise.
These actions will allow:
♦ SEMC to maintain a relatively high labour force in the olive oil industry;
♦ EU to develop more labour-intensive and environmentally- and culturally-friendly and less 
productivity-oriented olive oil production systems; these allow the quality of the product 
and the quality of life in the countiyside to be improved.
For this purpose, the overall subsidy system of the EU -which actually encourages production 
and productivity- should be re-oriented to promote the preservation of jobs, environment and 
cultural patterns rather than to increase production.
Summarizing, the analysis carried out in this Part of the study has shown clearly that policies 
concerning market organization are pivotal to sustainable development of the olive industry. 
Nevertheless, even if these policies are formulated correctly in market terms, they have to fulfil 
all the other requirements of sustainable development that have been identified in Part I, which 
are the socio-economic, technological environmental and cultural aspects of production. These 
dimensions have therefore to be explored to outline consistent policies, which is the objective of 
the next part of the study.
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Part III
Sustainable development of olive production in
Andalusia
The objective o f this part o f the work is to analyse a regional case study for sustainable 
development in the olive oil industry: economic, technological, environmental, social, 
historical and cultural issues are considered. The analysis focuses on Andalusia, the 
most important olive-producing region in the world. The strongest socio-economic, 
political, technological, environmental and cultural profiles, drivers and changes are 
analysed. To incorporate these aspects, conventional methodologies have to be 
improved. New aspects o f LCA methodology are therefore introduced, to include 
historical, political, social, economic and cultural issues, while the conventional 
environmental analysis has been extended to biotic resources, ecosystems and landscape. 
This analysis demonstrates that current policies fulfil only the partial objective o f 
economic development, while major negative impacts on environment, jobs, culture and 
landscape are apparent. New policies have to be shaped accordingly.
O.Sustainable development in Andalusian agricultural and 
rural environments: the system approch
Andalusian rural and agricultural environments are examined in this section as an 
introduction to the Andalusian olive oil industry. As a consequence o f the 
industrialization o f agriculture, Andalusia is experiencing a radical change: connections 
between agricultural productive activities and rural society, environment and culture are 
fading, involving major negative impacts, eg. rural depopulation, environmental and 
cultural degradation. Accordingly, a system approach is required, and the associated 
overall plan o f the work is presented.
The challenge posed by sustainable development —sometimes defined by EU policy­
makers as Management o f Change (IPTS, 1996e)— must focus on the exploration of 
technology and socio-economic change, in order to achieve a better understanding of 
their implications and the interactions between environment, economy, society and 
culture. At the same time it aims to identify the prospects for new technologies to foster 
sustainable development, utilizing all four kind of resources —environmental, socio­
economic, cultural and technological— both on a equitable basis and in a renewable way 
(Bonazzi, 1998a).
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Given that socio-economic, environmental and cultural systems are mutually embedded 
and interdependent, the framework for exploring this challenge is identified using a 
system approach focusing on the different production system patterns and their related 
technologies in terms of job creation, economic growth, environmental protection and 
social welfare.
The case-study of alternative Andalusian production systems for olive oil is enlightening 
in the sense that it provides a perspective on one of the most important socio-economic 
activities which are experiencing a deep technological, social, economic and cultural 
transformation, with significant impacts on the overall human and natural environments. 
These transformations have been taking place over the last decades, and particularly 
during the last decade since the entrance of Spain into the EU. In this light, it is necessary 
to identify the main profile and evolution of the Andalusian rural environment, in order to 
achieve a better understanding of the driving forces underlying its continuing 
transformations.
The importance of agriculture in the social and cultural system of Andalusian rural 
communities has been declining, as a consequence of its industrialization and related 
rural depopulation. Today, approximately one among five rural inhabitants has 
agriculture as his main activity, while this figure was about three times higher only two 
decades ago. The importance of the agricultural share in the rural socio-economic system 
is a positive factor, providing diversification of activities and income sources 
(handicrafts, tourism, industry). The decline of agriculture therefore threatens a divorce 
between rural and agrarian occupations (Guigou, J. and Hullo, P., 1996; Calatrava, 
1997a).
As described in Part I, conventional neo-classical economic theory defines that a given 
economic activity produces an externality when its repercussion (positive or negative) on 
individual or collective welfare is not apparent in the market. Any activity which 
generates a negative externality (e.g. pollution, noise) does not have to pay for it, while 
one which generates positive externalities (environmentally-beneficial activities, e.g. 
preservation of natural species and ecosystem diversity) is not recompensed. According 
to the most recent scientific evidence, the question of sustainable development comes 
from the fact that current technological and economical systems produce excessive 
negative and fewer positive externalities than are socially desirable (Calatrava, 1997b; 
Bresso, 1993; Jacobs, 1991). Social and private costs do not coincide in the presence of 
externalities: taxation and subsidies are the main tools to compensate these disequilibria.
The productivist paradigm which led agriculture since the second half of the XlXth 
century has been progressively substituted during the last decades by a set of socio­
economic, environmental and cultural priorities, driven by the decrease of the economic 
importance of agriculture and by the rise of the social demand for quality of life. 
Agriculture is now required to provide different functions (socio-economic, 
environmental, aesthetic and cultural) to promote sustainable, endogenous rural 
development. As a consequence, productivity and profitability can no longer be the sole
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criteria to define the viability of agrarian systems: beyond its production function, 
agriculture responds to the social demands of landscape, environmental and cultural 
preservation where it provides important externalities (Calatrava, 1997b).
In addition, it is required to contribute to the development and diversification of the use 
of natural resources (e.g. leisure, aesthetic, recreational).
Accordingly, the history of the agrarian systems and rural environment will be 
introduced, to show the important role the olive has played since the first human 
settlements throughout Andalusian cultural and social history, and to identify the main 
social, economic and cultural forces which shape the agrarian profile today. The next 
section describes the methodology used in the case study, while the subsequent sections 
examine the most important features of the socio-economic profile of olive growing, 
followed by a section which explores the main environmental footprint associated with 
the different patterns of olive production. Finally, analysis of the cultural profile related 
to these patterns will complete the picture.
Part III of this study therefore comprises the following sections:
Section 1: Olive production in Andalusia: overall approach;
Section 2: Historical overview of the rural environment in Andalusia;
Section 3: Technological profile of olive production in Andalusia;
Section 4: Socio-economic analysis of olive production in Andalusia;
Section 5: Environmental analysis of olive production in Andalusia;
Section 6: Cultural analysis of olive production in Andalusia;
Section 7: Sustainability of olive production in Andalusia: discussion and conclusions.
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1. Olive production in Andalusia: 
overall approach
Olive production is examined in this section. The most important characteristics and 
profiles are explored, to identify the crucial features relevant to sustainable development. 
This provides the background and rationale for the methodological framework and the 
field-study analysed in the work.
1.1 Importance of the olive industry for Andalusia
Olive growing is for Spain and Andalusia a very important activity, with socio-economic, 
environmental, cultural and landscape-forming functions. In fact, Spain accounts for 
about 2.15 of the 4.9 million hectares of olives groves in the EU (43%), of which 
Andalusia takes the lion’s share, accounting for about 64% of Spanish olives and of 64% 
olive cropped area, but concentrating more than 80% of olive oil production, because its 
productivity is 33% higher than the national average (data reworked from Ministerio de 
Agricultura y Pesca, 1990-1996). The value of olive production is about 63%  of Spanish 
Agricultural Final Product, and accounts for about 232 billions Pesetas (about 2 billions 
$), to which the value of production and consumption subsidies (about one third more) 
must be added.
Olive-related activity is the most job-intensive in the agri-industrial sector, due to the 
high requirement of workmen for agricultural production and especially during the 
harvesting period, which lasts about 80-90 days (Civantos L6pez-Villalta, pl52). 
Although there is no agreement between authors about job figures, the estimate of about
600,000 jobs in Spain generated by olive-growing seems acceptable and in broad 
agreement with many official sources (data reworked from International Olive Oil 
Council, Mr.H.Guerbaa, personal communication, 1996; Ministerio de Agricultura y 
Pesca, 1990-1996), although a significant share of these jobs are temporary (3 months). 
The same authors allocate half of these jobs to Andalusia, while for others die estimate is 
around 60% (Montiel Bueno, 1997).
Generally speaking, many indicators highlight the higher degree of industrialization of 
Andalusian olive farming compared with the other Spanish (and also Mediterranean) 
producing regions. Although Spanish olive crops tend to be old — slightly less than half 
are a century or more old, and about one third are between 50 and 100 years old— 
Andalusia concentrates three quarters of the new olive crops, usually farmed in a strict 
monocultivation pattern.
On the olive oil processing side, the Spanish olive oil industry is the most modem in the 
world. Accounting for more than 80% of Spanish olive oil production, Andalusia 
concentrates slightly more than 40% of Spanish olive oil mills and bottling facilities.
Additionally, Andalusia accounts for the highest percentage of mills provided with olive 
washing facilities, and already half of the Andalusian mills are provided with the so- 
called “ecological” two-phase extraction system, introduced into the market only 3-4
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years ago (data reworked from Civantos L6pez-Villalta, 1997). These developments have 
been achieved thanks to strong investments carried out over the last 10 years to improve 
both olive oil quality and productivity. Nevertheless, this has had marginal repercussions 
on the trade performance of the Spanish olive oil industry: in fact, although Spain 
accounts for about 40% of EU olive oil production, it manages only 10% of olive oil 
trade, while Italy -accounting for about 37% of EU production- manages about 66% of 
olive oil trade.
1.2 Materials and methods
The challenge of sustainable development for the Andalusian olive oil sector is explored 
by investigating the socio-economic, environmental, technological and cultural features 
in order to achieve a better understanding of their mutual interactions and implications. 
At the same time, the analysis aims to identify the prospects offered by new technologies 
to foster sustainable development, utilizing natural, economic, human and cultural 
resources in an equitable way. Therefore, it is clear that the analysis needs a specific 
methodological framework to look at all the appropriate features associated with 
sustainable development, which has been based on an extended and improved version of 
LCA methodology (showed in Part I). In this light, this section is structured starting from 
the description of conventional LCA approach to explore the new methodological 
framework utilized.
✓ Established LCA methodology
✓ Why this approach is not sufficient for olive production
✓ How we have extended the methodological framework and what we added
✓ What information is needed
✓ Patterns of olive production systems: criteria and classification
1.2.1 Conventional LCA methodologies
Within the framework of environmental analysis it is important that consistent and 
rigorous guidelines are developed for data formats and data processing. The 
methodological approach which has been identified as the most exhaustive and flexible 
tool to describe consistently the environmental profile and performance of a given 
production system is Life Cycle Assessment (i.e. LCA; more details can be found in 
Clift, Cowell and Doig, 1995; Clift et al, 1996; Clift et al, 1997; Cowell, 1998, pp. 10- 
42), integrated with complementary insights derived from Environmental Impact 
Assessment and Strategic Environmental Impact Assessment (Bonazzi, 1994; Bonazzi 
and Rivella, 1995), Landscape Ecology (Ingegnoli, 1993) and Territorial Planning (Mac 
Arthur and Wilson, 1967).
Life Cycle Assessment (LCA) evaluates the environmental burdens associated with a 
product, process or activity including the entire life-cycle of a given production system, 
from extracting and processing raw materials to final disposal. LCA was initially set up 
to evaluate the environmental performance of industrial processes. Only during recent 
years have several groups in Europe begun to apply LCA to agricultural production 
systems. A recent EU Concerted Action Project on the harmonisation of LCA for
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agriculture (Audsley et al., 1997) has identified a basic research framework for this 
general area.
Most people know the saying "For every complex question there is a simple answer and 
it is wrong". LCA is not a panacea for selecting "good” and "bad" technological 
processes, but only a logical framework that help the analyst to organize and report the 
impacts of human activities more coherently. However, whereas conventional LCA 
describes environmental impacts, the present work deals with an enlarged concept of 
environment including also the socio-economic and cultural aspects, which are often 
regional in character.
In this light, an integrated model for LCA has been set up. It is structured to explore the 
interactions between all four dimensions —socio-economic, environmental, cultural and 
technological— of productive systems. The methodological framework used in this part 
of the work is a specific reformulation of the Life Cycle Assessment methodology (Clift 
et al., 1995, 1996, 1997, 1998), enriched by new visions and analysis to include all four 
dimensions, to provide a richer description.
Generally speaking, production takes place in directly associated activities which we 
define as the Foreground system, i.e. olive production in the present case. This is 
contained in an overall complex of systems, functions and relationships which contribute 
to the overall system of production processes, and constitutes the “outer world”, which 
can be defined as the Background system. In principle, the whole planet should be 
considered as the Background System. However, in practice the Background system has 
to be limited in the analytical phase to the complex of systems which interact 
significantly with the Foreground system, and should be extended only as far as these 
interactions are considered significant. As a consequence, different scales of the analysis 
-  and associated Background systems- can be taken into account as the expression of the 
different scales of sustainable development. This is particularly important for the space 
and time scales of policies.
Figure III.l describes the general principles defining the levels of system interactions and 
consequent levels of analysis of the conventional LCA approach; functional inputs and 
outputs are those contributing directly to the primary function of the production system, 
eg. primary resources and products (or co-products) respectively. Non-functional inputs 
and outputs are related with secondary functions of the system other than olive 
production, eg. cultural patterns.
This approach is particularly useful for assessing environmental impact. Some impact 
categories -such as direct environmental resource depletion and contamination- affect 
the Foreground System directly, while others have a global scale (like photochemical 
oxidant formation, nutrification, human and eco-toxicity, global warming potential and 
stratospheric ozone depletion). In this light, this approach identifies how improvements in 
one impact category may be traded-off against increased impacts in other categories, 
without reducing them to a single parameter of impact in financial terms, eg. by 
internalising negative externalities.
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In the case of olive production, it is necessary to consider the burdens coming from olive 
cropping, and those related with the overall supporting activities. This is carried out by 
considering only those activities targeted to olive production, omitting those which take 
place regardless of olive cropping.
Figure III.l Background and Foregound systems: overall approach
(Source: reworked from Clift, 1994,1995; Clift etaL, 1995,1996,1997,1998).
Other BACKGROUND SYSTEMS
Functional inputs eg,
primary resources
Non-functional outputs (eg.emissions)
BACKGROUND 
(or Extended) 
SYSTEM
FOREGROUND
System
Functional inputs/outputs
Non-functional inputs/ 
/outputsOther Functional Output
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Starting from these assumptions, the burdens associated with the use in the Foreground 
System of an input coming from another system (eg. chemical fertilizers and manure) 
producing its own product, i.e. the Background System, are those coming from:
□  its processing and transport for use in the Foreground System;
□  plus its use in the Foreground System;
□  plus any additional burden arising from replacing it in the Background System;
□  minus any burden no longer arising if it is not replaced in the Background System. 
This pattern of system extension is particularly useful to deal with co-products, and is 
defined as the Avoided Burdens approach: it should be applied where the real use of the 
co-product has been identified, and its effect on the Background System of its use in the 
Foreground System can be reasonably predicted. This is because the choice of use of the 
co-product can have a significant impact on the final result of the analysis. Special care 
must be paid to the transparency of assumptions made in the methodology, and the 
method of conserving this information through the Impact Assessment and Interpretation.
The LCA methodology is implemented in a "one plus three" phase process.
•The first phase is scoping, the definition of the LCA targets. In the present case, the 
target is the assessment of sustainability of different olive production systems. The 
definition of the Functional Unit (FU) is particularly important, especially in cases of 
comparisons between products: FU is interpreted as the quantity of the product needed to 
provide a certain service which is the primary output of the productive process. In the 
case of olive production the quantity of 1000 kg of olives is assumed as the FU of the 
system.
• Inventory Analysis, the most advanced phase and similar to eco-accounting, is 
fundamental for the quality of the information: this phase is intended to record relevant 
data concerning energy and materials required in the production process, as well as 
wastes, effluents and emissions produced. A generally accepted goal of this phase is to 
quantify resources used and wastes generated in order to improve specific environmental 
performance characteristics, including the identification of areas of process or product 
design in which resource requirements can be reduced. Following the 
Foreground/Background System approach, the definition of the inventory boundaries is 
pivotal, to establish the logical and real limits of the upstream and downstream inputs and 
outputs of the processes involved in the life stages of a product: this is an essential and 
very delicate point, and strongly depends on the previous scoping phase, and on the 
different philosophies of approaching the concept of "environment".
•The phase of Impact Assessment is closely associated with Environmental Impact 
Assessment (EIA) approaches. It is intended to assess the overall impact of a product and 
its production chain. This could encompass human health, environmental, natural 
resource and cultural repercussions. This phase is split into the following steps:
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□ Classification: the data from the Inventory are grouped into a number of effect or 
impact categories -  eg.global warming, photochemical oxidant formation to which 
each burden -CH4 emissions- contributes in a different way;
□ Characterization: the impacts of each burden are calculated, within each of the 
categories to which they contribute, by applying equivalence factors -  i.e. Impact 
Assessment factors (IA) - , and aggregated by category; methods currently available 
are most suitable for global impacts such as global warming or ozone depletion. 
Impacts are characterized in two macro-categories, i.e. depletion of resources and 
pollution, which in conventional LCA include the following categories: consumption 
of energy and raw materials, and the contribution to global warming, ozone 
depletion, toxicity, acidification and eutrophication. Further work is needed for 
assessment of local impacts, such as soil loss, land and water use, depletion of 
biodiversity, ecosystems and landscape( V\'t.
Impact categories considered in conventional LCA
Resource
depletion
Pollution
Energy Global warming
consumption
Abiotic resource Ozone depletion
Ecological and Human Toxicity
Photochemical oxidant formation
Acidification
Eutrophication
□ Normalization: the result for each impact category is normalised to the value for a 
given geographical area. This normalised score is considered alongside normalised 
scores for other impact categories to gain the impression of the relative contribution 
made by the system to each impact category within the geographical area. Usually, 
each impact for a set of different production systems is normalised, in order to 
identify the least impacting. Generally speaking, no absolute values for impact 
categories are given, with the exception of impacts measurable as a physical quantity 
(e.g. photochemical oxidant formation measured in grams of NOx)J
□ Valuation: the normalised results for each impact category are multiplied by a 
weighting factor -representing the relative importance assigned to each impact 
category- and summed; clearly, this step is particularly contentious, due to 
subjectivity and uncertainty of models to assess the relative importance of diverse 
impacts, which vary on both cultural basis and time horizon.
•The last LCA phase is Improvement Assessment, which aims to apply the data gathered 
from the inventory and impact analysis stages to introduce improvements in the 
production process or product design, in order to minimise environmental burdens 
associated with energy, raw material use and waste emissions. This phase may detect 
which life stage of the product is most impacting according to a certain criterion 
developed from the previous impact analysis, thus allowing the optimisation of specific 
product life stages.
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1.2.2 Why conventional LCA is not sufficient for assessing sustainable development
Generally speaking, the interdependency between natural and man-made systems is the 
main problem in assessing sustainable development. In this light, LCA is used as a 
conceptual framework to shape the assessment of sustainable development, but must be 
developed beyond its conventional scope. In fact, it is clear that the advantage of LCA 
methodology is set by its flexibility in organizing complex problems, focussing on the 
relationships between interacting systems. On the other hand, the conventional LCA 
approach is clearly too limited for assessing sustainable development, because it is 
restricted to conventional environmental impacts.
Conventional LCA methodology takes into account only some aspects of the 
environmental impacts of productive activities: these impacts are essentially related to the 
global level of human activity (eg. global warming, photochemical smog, nutrification). 
Nevetheless, agricultural production involves important impacts at the local level , as 
they take place in the Foreground System which constitutes a significant part of the 
overall environment. Therefore the analysis of natural resource depletion has to be 
extended to the local level, and should focus particularly on the depletion of biodiversity, 
ecosystems, soil, water and landscape.
It is important to highlight that assessing the value of biodiversity, ecosystem 
differentiation and landscape connectivity constitutes an extremely difficult task: in fact, 
disciplines which are specifically oriented to these issues -Applied Ecology, Land and 
Landscape Ecology- cannot completely provide what is needed. Therefore, a tailor-made 
conceptual framework has been specifically developed to evaluate these issues, within the 
LCA framework.
Furthermore, very little effort has been dedicated to the integration of social and 
economic issues into LCA framework. Additionally, no efforts have been dedicated so 
far to the introduction and analysis of aspects dealing with history. human geography. 
political and cultural aspects. All these issues have a major influence on the overall 
sustainability of production systems, and have to be considered within the overall 
approach.
Due to the subjectivity of the valuation step, some additional observations are required:
(i) socioeconomic, environmental and cultural impacts are not substitutable -as 
highlighted in Part I, Section 1.7- and are therefore calculated and represented 
independently; accordingly, the value of each impact associated with a given 
production system is normalized with respect to the lowest value amongst the 
alternative?;
(ii) in the environmental analysis, the same approach is assumed: as all impacts are 
considered equally important, each of them is normalized with respect to the 
lowest value among all the production systems, and is then summed with the 
values for other impact categories.
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1.2.3 Extension of the conventional LCA approach
In this work, the conventional LCA System approach has been extended to consider the 
overall socio-economic, environmental, cultural and technological features which are 
relevant for sustainable development of olive production systems.
Figure 111.2 provides the overall system approach used, which represents the interactions 
between the four dimensions -socio-economic, environmental, cultural and 
technological- which characterise the production systems. In this light the four aspects of 
Andalusian olive production system can be explored and analysed in a policy-making 
perspective, to identify their interactions, implications, contradictions and synergies, and 
the ways in which they define and constrain the scope of sustainable development. 
Summarizing, the following aspects of olive production have been introduced, for the 
first time, into the LCA approach, as shown schematically in Figures III.2 and III.3.1:
HISTORY and HUMAN GEOGRAPHY constitute the broader perspective to analyse 
olive production; it identifies the most important historical and human geographic 
developments which have contributed along space and time to shape the current olive 
production patterns, such as the historical role of big farming systems in Andalusia -the 
haciendas-;
POLICY defines a set of conditions constraining olive production systems, eg. the EU 
subsidy system; furthermore, policy-makers are expected to be the end-users of the 
achievements of the present study, to improve the sustainability of olive production at 
different levels of the decision-making process;
TECHNOLOGY is seen as a pattern by which human societies organize production 
systems by using the inputs and interactions coming from these spheres, and therefore 
has transverse as well as longitudinal dimensions;
SOCIETY describes the performance of the olive production in terms of jobs, analysing 
their overall structure and profile, eg. direct, indirect, permanent and casual jobs; 
ECONOMY evaluates the performance of olive production in terms of capital, global 
economic resources and net income associated with olive farms;
CULTURE explores the traditional patterns, lifestyles, as well as artistic and 
architectural quality associated with olive farms.
Generally speaking, conventional LCA covers only some aspects of the environmental 
analysis which is required to assess sustrainable development. Accordingly, the analysis 
of the ENVIRONMENT associated with olive production systems has been significantly 
improved by investigating new impact categories which are usually neglected in 
conventional LCA studies. All these categories are associated with the depletion of 
environmental resources which have a local scale, where the major environmental 
impacts of agriculture arise, eg. loss of soil, water, biodiversity, ecosystem and landscape 
resources. Conventional and new aspects considered in this analysis are shown in Figure 
III.3.2.
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Figure III.2 Extended LCA-based system approach used in this study POLICY
HISTORY
SOCIETY ECONOMYENVIRONMENT
* FOREGROUND 
System i.e. olive farm
CULTURE
KNOW-HOW
TECHNOLOGY
BACKGROUND SYSTEMS
Figure III.3.1
Aspects considered in conventional LCA and proposed LCA approaches
Conventional LCA Proposed LCA
History No Yes
Human Geography No Yes
Policy No Yes
Society No Yes
Economy No Yes
Culture No Yes
Technology Only techniques Techniques plus Organizational profile
Environment Only global impacts Global plus Local impacts
Figure III.3.2
Issues considered in the phase of categorization in Environmental Assessment: 
conventional LCA and proposed LCA approach___________
Resource
depletion
Pollution Disturbances
Energy Global warming*
consumption*
Abiotic resource* Ozone depletion*
Soil loss Ecotoxicity*
Solid waste Human toxicity*
Biotic resources Photochemical
oxidant formation*
Acidification*
Land use Eutrophication*
Water use Radiation
Physical ecosystem Dispersion of heat
degradation
Landscape Noise
degradation
Smell
Working conditions
Desiccation
Direct victims
* Categories most commonly included in LCA. In italics are indicated the new impact categories 
which will be studied in this research.
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1.2.4 Information needed to analyse olive production systems
Following the LCA methodology, both content and boundaries of the olive production 
system are be analysed. The overall outputs and inputs are considered as they cross the 
boundary between the Foreground and Background Systems. Data have been collected by 
means of interviews to farmers on the basis of the scheme provided at the end of 
Appendix Ill.iii.
System content:
The overall olive production system is effectively defined by its inputs and outputs. The 
inputs are those which enter the production system of the Foreground System, eg. capital 
input, jobs, environmental resources (soil, water, air, biodiversity), techniques, know­
how, cultural patterns. The outputs are products -i.e. olives- and co-products -eg. 
manure-, while non-functional outputs are by-products -e.g.olive pomace, wastewaters, 
contaminants and emissions.
In this light, inputs and outputs can be classified as follows:
INPUTS:
Technological inputs: machinery, energy, agrochemicals, i.e. fertilizers and 
pesticides;
Socio-economic inputs: capital and human labour are considered regardless of the 
alternative work persons could do; in other words, the increase of food and energy 
consumption of agricultural workers compared with sedentary work is considered not 
significant for the purpose of this study, as the metabolism increases in a neglig* 8& 
proportion even in the heavist olive cropping practices;
Environmental inputs: soil, water, biodiversity, land, landscape have been included 
in the system. In fact, the presence of natural spaces associated to the agro-ecosystem 
is also considered; eg. hedgerows, as they increase the connectivity and 
diversification of the landscape and ecosystem richness and functionality. 
Accordingly, the biological community associated with the ecosystem benefits from 
this, increasing its resilience, natural value and quality of the related natural state. The 
main environmental problem is associated with their depletion, particularly soil 
erosion and loss of soil macro and microfauna;
Cultural inputs: traditions, arts, industrial archeology, handicrafts, know-how, life­
style and associated sociological patterns. These aspects are difficult to evaluate. 
Nevertheless, the historical and human geographic vision allows a conceptual 
framework to be set up to assess them.
OUTPUTS:
□ Functional outputs, divided into primary -olives- and secondary or co-products, 
-manure, pruning residues; the primary functional output is defined by the Functional 
Unit (FU), i.e. 1000 kg of olives;
□ Non-functional outputs, as by-products, eg.olive pomace, wastewaters, contaminants 
and emissions. These last give rise to the main impacts in terms of environmental 
pollution, which affects flora, fauna and ecosystems.
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System boundaries: The system boundaries differentiate the system under analysis from 
its environment; the agricultural boundary of the agricultural production system usually 
stops when identical products pass through the farm gate (cradle-to-farmgate approach), 
associated with a given time boundary, i.e. one cropping year. The use of certain 
agricultural products such as manure is included in the system, as well as soil, whose 
massive erosion probably makes this the most important environmental impact of the 
olive production system. Neither heavy metals nor nitrogen fixation in soil have been 
considered directly in the soil category; the reason for excluding heavy metals is that 
deposition is independent of the farming system, while the influence of nitrogen is 
detected by the avoided burden represented by the related lower input of fertilizers.
1.3 Patterns of olive production: criteria and classification
Coming from the classification of the inputs described in the previous section, three 
groups of socio-economic, environmental and cultural criteria defining Andalusian olive 
production patterns have been identified by experts, and are described as follows.
The SOCIO-ECONOMIC criteria are based on capital, technological and job inputs. The 
substitution of manpower (essentially permanent jobs) with technology represents the 
social discriminant of these categories. The proportion of casual workers employed varies 
greatly with the level of technology and of income generated. In this light, it is possible to 
characterize Intensive, Conventional and Traditional farming systems as follows:
S  Intensive (high technological and capital inputs). They are the classic productivity- 
oriented farms of industrialized agriculture, where efficiency and rationalization are 
the dominant characters: the high technological level is a clear reflection of the 
capital availability and of the highly productive organizational profile. They are 
usually large or medium-large farms, but this class of cultivation may be found in 
small farms with more moderate productivity. Technological input is the driving 
factor in determining the production level.
S  Conventional (medium-high technological and capital inputs). This is the dominant 
farm type in Andalusia, oriented to achieving medium-high production from more 
limited capital and technological resources. Usually based in medium and small 
intensive farms, moderate efficiency and rationalization are dominant. They are 
usually led by one family of farmers, who occasionally pay one or two workers in the 
most labour intensive olive cropping practices.
S  Traditional farms (low technological and capital inputs). Physical, economic and 
technological constraints significantly limit production, productivity and efficiency. 
Marginality, small size and the need of complementary income sources 
-complementary wage, unemployment subsidy, pensions subsidies- are the dominant 
features. Generally speaking, these farms are located in areas characterized by higher 
environmental and cultural quality, eg. mountains and hills, which could become a 
comparative advantage to provide complementary incomes. Nevertheless, as these 
farms are usually small or very small, they do not provide the farmers with sufficient
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income to get access to the know-how required to exploit alternative niche markets 
such as organic oil production or rural tourism.
The ENVIRONMENTAL criteria are based on the consumption and pollution of natural 
resources, as outlined in the previous section: accordingly, technology is clearly a 
discriminant, seen as the overall organization pattern through which production systems 
are structured. The use of environmentally-friendly technologies is the discriminant, 
determining a range of impacts varying from consumption to preservation of natural 
resources, e.g. soil protection, integrated crop health control, water savings, low 
agrochemical inputs, vegetal covers.
Generally speaking, soil, biodiversity and landscape management, together with 
agrochemical input type and patterns, are the discriminant. Generally speaking, erosion 
numbers amongst the main problems facing agriculture in the Mediterranean region 
which is one of the hardest hit by water erosion in the world. About 41% of Andalusia 
has already suffered severe damage from erosion (loss of A horizon and 25% of B 
horizon), and a further 18% is affected by erosion damage on 75% of the A horizon 
(Aguilar et a l, 1995). Up to 80 tons/ha/year is the erosion estimated for tree cropped 
land, 37 tons/ha year for diy-farmed herbaceous crops and 20 tons/ha/year for scrub and 
shrub crops. Many of the extensively farmed olive crops grow under unfavourable 
conditions, where erosion induces constant deterioration. The result is that farming 
becomes progressively less productive, and needs more chemical inputs to compensate 
the fertility loss.
Several passive factors contribute to the deterioration of olive cropped lands, eg. 
geomorphologic and climatologic factors, but intrinsic elements contribute significantly 
to soil erosion and fertility loss, i.e. unadequate cropping practices. Growing vegetal 
covers on the soil is the most recognized technique to curb these processes (Moreira,
1990); although intensive tillage has been a traditional feature of Andalusian olive 
farming for some decades, it may not be the most sustainable cultivation method for olive 
crops. The main reason is that it prevents full advantage being taken of the soil because 
the olive roots cannot explore fully the uppermost soil layer. In dry farming practices, 
water supplied by rainfall should be maximally exploited by olive crops, while water 
infiltration should be promoted and water evaporation should be minimized as it may 
represent up to 50% of the infiltrating water. On the other side, socio-economic factors 
such as cultivation costs and know-how influence greatly the overall performance of the 
cropping techniques used.
In this light, the categories of Intensive, Conventional and Ecological olive production 
systems are identified. More details can be found in Section 111.5,1.2.
/  Intensive (no soil and biological resource conservation/heaw chemical input). Soil 
management and heavy agrochemical use are oriented to increase production and 
productivity in the short-term. The soil is regularly tilled, chemically fertilized and 
treated with pesticides. The tillage operations are carried out by a cultivator, once in 
winter and twice in spring, and the disk harrow. Up to 10 tractor-hours/ha with
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vertical implements eg. spring-tine and vibro-cultivators,are applied in current olive 
crops. Disk harrowing is the principal solution to control weeds, although it damages 
olive roots and causes moisture losses and compaction of the subsoil into hardpans 
which reduce infiltration to the deeper soil layers when the next rain falls, and finally 
makes olive production decreasi'j-In the summertime very light duty implements 
such as spiked chain harrows are used: according to olive farmers, this practice is 
used to fill in the cracks of the soil, to limit soil moisture evaporation losses, and to 
cover the stomata with a film of dust to reduce evapotranspiration. The last stage of 
cultivation is tillage with a heavy roller at the end of summer to consolidate the soil 
and prepare it for harvesting. This operation is complemented by the application of 
herbicides in autumn (simazine in most cases). Soil must be compacted to allow a 
cost effective harvesting, although it induces production loss in the long term. A 
sample study of about 95 Andalusian farms over 10 years has shown that production 
decreases by up to 20% in twenty years with this process (Pastor, 1990; Aguilar et al., 
1993, pp.49-50). Chemical fertilization is usually applied by urea or ammonium 
sulphate or nitrate (more than 1 kg N/tree), while the proportion of organic fertilizers 
is neglige ble. Pesticides -fungicides, insecticides and herbicides mainly- are often 
applied in excess. No attention is given either to the maintainance of spontaneous 
flora and fauna species, or to ecosystem and landscape diversity.
/  Conventional (partial soil and biological resource conservation/variable chemical 
input). The soil is not tilled regularly, except for the area below the trees, and the 
treatment of pesticides for preventing the growth of infestant plant is sometimes 
limited to low impacting pesticides. Simazine is used at a rate of 3 kg/ha. These 
techniques induce flora inversion, selecting tolerant or resistent flora species. To 
avoid this process post-emergence herbicides are used, i.e. glyphosate, sulphosate, 
ammonium gluphosate. This practice performs good results in Andalusia (Pastor and 
Guerrero, 1991). Although erosion gullies along the channels of water flow runoff are 
bigger in tilled crops, non-tilled crops are also affected by erosion. Generally 
speaking, this can be avoided by usimg cropped vegetal covers, basically barley or 
vetch (.Hordeum vulgare or Vicia sativa). In this way, chemical harvesting of the 
vegetal cover is carried out at the end of the winter with glyphosate, applied at a rate 
of 0.5 kg/ha. Grown vegetal cover is sown with about 180kg/ha, with needs an 
additional fertilization of about 100 kg/ha of urea. Accordingly, additional 
technological inputs are required. Although soil and biological resources are partially 
preserved in this way, the relatively high chemical input still have a negative impact 
on biotic communities.
✓ Ecological (total soil and biological resource conservation/no chemical input). These 
farms combine the established techniques of organic farming (no pesticides, 
integrated pest control) with the most modem and promising techniques for soil 
protection (spontaneous vegetal covers). The main characteristic is the optimal 
combination of the traditional techniques and know-how with the most modem 
technological breakthoughs to fulfil the requirements of the EU label of "organic 
product", and therefore to exploit the associated niche market of biological olive oil. 
Usually based in medium-sized farms, medium-high agronomic skills are usually
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required. Spontaneous weeds (eg. Leguminosae) are managed to protect soil and 
spontaneous flora and fauna, while hedgerows are preserved to diversify landscape 
and ecosystem structures. Olive production is slightly higher, even over a period of 5 
years, in the presence of a correctly managed vegetal cover. It intercepts the rainfall, 
reducing the devastating effects on soil structure of its kinetic energy, and has a series 
of positive effects on soil properties and humidity dynamics, as follows: (i) reducing 
evaporation, which increases soil humidity and water infiltration, (ii) reducing runoff 
speed, (iii) preventing the soil particles from breaking up, (iv) reducing laminar 
erosion beacause of the dramatic reduction in runoff. This technique requires no 
additional fertilization, and it fixes about 50 Kg/ha of nitrogen, reducing the 
fertilization requirements by about one third. Only organic inputs are used, allowing 
soil structure and biotic community to be preserved. Only a few Andalusian farms are 
producing organic olives in this way, and their economic perfomance is still low 
because of the small area of the olive cropped land. Thus these farms depend mostly 
on EU subsidies for organic production and on the cooperative olive oil processing 
and marketing system. A neglige Me percentage of Andalusian olive oil is ecological, 
as it may be considered at pilot level -  less than 1% of olive farms are involved in this 
business.
The CULTURAL criteria are based mainly on the typology of the buildings, which may 
often be associated with the original size of the land owned by the farmer. Generally 
speaking, cultural criteria reflect the socio-economic status and historical role the farm 
has played and possibly still plays. In fact, olive-growing farms maintain common 
features which distinguish clearly between types described in Appendix.III.ii, Tab.l:
small farms: poor buildings
□ (i) olive-milling farms (molinos);
□ (ii) olive-growing farm-houses (cortijos);
□ (iii) olive growing small-mansions (caserias), which can be grouped together for their 
functional and structural similarity;
medium to large farms: moderately rich buildings
□ (iv) olive-growing Montoro-type mansions {caserias Montorehas);
large to very large farms: rich buildings
□ (v) olive-growing big mansions {haciendas).
This constitutes a rough classification, based on criteria related to architectural forms and 
buildings associated with olive production. Additionally, in the section dedicated to the 
cultural analysis, a further sample of 23 farms have been analysed to give a more 
complete range of the cultural profile of Andalusian olive farms and to give a more 
precise assessment of the farms under analysis. More details on these typologies can be 
found in Section III.6,1.5,: at the end of Appendix III.vi-Figures some examples of these 
types are represented.
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□ POOR BUILDINGS: Caserias (small mansions), Molinos. (olive-milling farms). 
Cortijos (farm-houses) - These forms are usually associated with small farms, 
characterized by significant levels of technology and profitability, traditionally 
managed the lower agricultural middle class using casual workers. The structure is 
developed around a central courtyard, provided with milling, storage facilities and 
accomodation areas for draught animals, workmen and owner. A common structure 
characterizes these forms, which may be identified and distinguished from the bigger 
mansions of olive landlords by the rural character and basic functionality which 
characterise all the structures and buildings. Although ornamentation and decoration 
are present and expressed with delicacy, functionality remains the basic feature of the 
complex (Hondo Trujillo, 1996, pp.224-226).
□ MODERATELY RICH BUILDINGS: Caserias Montorehas (Montoro-tvpe 
mansions) - These forms are associated with medium-large farms characterized by 
higher efficiency and modernization, originally belonging to the higher agricultural 
middle class and sometimes to nobility. Generally speaking, they dominate a limited 
area of the province of Cordoba, near the Sierra of Montoro. Originally they were 
conceived to provide both agri-industrial production and residence for their owners, 
who lived in the mansion on a permanent basis for several months of the year to 
supervise the olive harvest and processing of olive oil. As a consequence, the overall 
complex was devoted also to comfort and a certain luxury to show the prestige and 
the social position of the owners. Accordingly, their location was accurately chosen in 
the most favourite and elevated places of the landscape: the attitute of communicating 
functionally with it was often subordinated to the priority of dominating it and 
visually controlling the countryside. Generally speaking their complexity as well as 
their architectural and artistical refinement are higher than the rural forms previously 
described, although they are slightly lower than the corresponding elements in the 
haciendas.
□ RICH BUILDINGS: Haciendas (Big mansions) - These forms are associated with 
large farms, and usually belong to an ancient "noble" family. Generally speaking, the 
hacienda is the form that best synthesizes the agri-industrial and residential functions 
of rural forms, constituting the highest expression of monumentality, structural 
magnificence and ornamental exuberance of the Andalusian rural environment. Direct 
descendant of the Roman villa, mediated through the forms of Arab alqueria, 
reformulated according to the architectural criteria of the Italian Renaissance, the 
hacienda has been developed especially during the Sevillan Baroque, when it 
flourished in a sort of constructive euphoria that characterized the whole of 
Andalusian society. In fact, during the late XVIth century this pattern began to 
dominate as the most grand expression of the image and power of the ruling class, 
structurally linked with the increasing economic welfare provided by trade with the 
American colonies. The haciendas did represent the formal image of the landlord 
nobility which exercised increasing economic and political power following the 
Conquest, and had a major influence in both culture and society of the Sevillan 
metropolis. As a consequence, the connection with urban centers is clearly evident.
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Synthesizing, it is possible to list the socio-economic, environmental and cultural criteria 
(Figure.III.4) characterizing Andalusian olive farms (Figure.III.5)which has been used in 
the historical (Section III.2), technological (Section III.3), socio-economic (Section III.4), 
environmental (Section III.5) and cultural (Section III.6) analyses.
Figure III.4 Criteria for the classification of olive farms
SOCIO-ECONOMIC ENVIRONMENTAL CULTURAL
Capital intensity Soil and biological 
resource conservation
Architectural form
Technology intensity 
(machinery, agrochemical 
input)
Chemical input Artistic value
Resource consumption 
(water, soil, biodiversity, 
land, landscape)
Historical role
Organizational profile Pollution Human geographic role
Job structure Energy intensity Life-style
Figure III.5 Classification of farm types
Criteria Farm type Farm type Farm type
Socio-economic Intensive Conventional Traditional
High capital and 
technology inputs 
Low family-related 
jobs
Moderate input of 
capital, technology 
and permanent jobs
Low input of capital 
and technology; 
high level of 
permanent family- 
related jobs
Environmental Intensive Conventional Ecological
No soil and 
biological resource 
preservation/High to 
very high chemical 
input
Partial to very 
limited preservation 
of soil and 
biological resources/ 
Moderate to very 
high chemical input
Total preservation 
of soil and 
biological resources 
No chemical input
Cultural Rich buildings Moderately rich 
buildings
Poor buildings
Haciendas (Big 
mansions)
Caserias montorenas
(Montoro-type
mansions)
Caserfos (Small 
mansions), Molinos 
(Olive milling 
farms), Cortijos 
(farm-houses)
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2. Andalusian rural environment: 
historical and human geographic overview
The historical and geographic aspects of the Andalusian rural environment are 
examined in this section. The most important socio-economic drivers of the changes in 
agricultural activities in Andalusia are explored, to identify their historical implications 
for the human geography, rural built environment, lifestyles and cultural profile of this 
region. The historical dualism between very large and small farming systems is proposed 
as a starting point to interpret Andalusian rural systems.
2.1 Introduction: scope of the analysis
Andalusia is the biggest region of Spain, located in the south of the country. It accounts 
for about 87,268 square kilometers; that means that it is significantly bigger than Ireland 
and about the same size as Portugal.
Since pre-historic times Andalusia has been characterized by agrarian activity, which has 
dramatically transformed its landscape, environment, territorial organization, societal 
evolution, economic development, and cultural patterns (Mueller, 1992).
Agrarian land occupies about half the area of Andalusia, and coincides more or less with 
the geomorphological structure of the Depression of the Guadalquivir river, which is also 
called “Baetica”, after the name first given to it by the Romans (Junta de Andalucfa, 
1996). The characteristic structure of Andalusia has been stable since historical times: the 
human settlements concentrated in towns and big villages, the absolute dominance of 
agricultural activity within the regional economy, the dual structure of land ownership 
(landlords and small farmers), as well as the related underdevelopment and 
unemployment.
Thus rural issues dominate the whole society, landscape and culture. They have been the 
object of several studies carried out by economists, historians and geographers. 
Accordingly, the agrarian production systems of Andalusia are very peculiar, inspiring 
human geography to classify them as "Andalusian agrarian production systems" (Florido 
Trujillo, 1996, pl6). They are strongly linked to the so-called ‘Andalusian myth’: in fact, 
this last synthesizes the ideas associated with Andalusian fertility, the Andalusian 
landlord, the widespread and poorly inhabited villages, the latifundium and cortijo, 
which have their roots in the image which this activity of Andalusia has fed (Heran, 
1980).
These studies have shown the clear dominance of large shares of extensively cropped 
territory owned by one sole family -  i.e. latifundia- over small farms intensively 
cropped by the rural middle-class -  i.e. minifundia-  (Florido Trujillo, 1996, pl9; 
Bromberger, 1998).
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In this light, the objective of this analysis is to explore and interpret the origin, growth 
and development and actual state of the rural habitat of Andalusia, and more specifically 
of the Depression of the Guadalquivir. This task is structured in three steps, reflecting 
three main objectives: (i) to explore and identify the main historic, socio-economic, and 
cultural driving forces and profile of the rural habitat in the Depression of the 
Guadalquivir river; (ii) to focus specifically on olive-growing; (iii) to explore the 
functional and cultural profile and value of the buildings associated with the different 
olive-growing systems in the various geographic areas of the Depression.
2.2 Materials and methods
The geographical analysis of Andalusia is carried out in this section to identify the main 
agricultural activities and the associated forms of the rural built environment. Lifestyles 
and culture are to be examined. The first analysis has been carried out on the basis of 
existing data on the use of land, as well as the geographical, geomorphologic, 
geopedologic, climatologic, environmental and agronomic data and maps of Andalusia 
(Junta de Andalucfa, 1996). The most recent studies of human geography, histoiy and art 
have been used as the first source to explore the historic evolution of agrarian territory, 
landscape and agricultural land ownership (Florido Trujillo, 1996 and 1989; Ldpez 
Ontiveros 1980), while local registers of land property has been explored for the areas 
where these type of studies are lacking (Archivo de Ensenada, 1791).
2.2.1 The Guadalquivir Depression (Baetica): geographic, climatic and pedologic 
profiles
The Guadalquivir or Baetica Depression constitutes a heterogeneous geomorphological 
entity, including the major alluvial plain of Spain extending approximately from the 
Baetica Mountains and Sierra Morena in the east to the Atlantic Ocean in the west. The 
slope is sharp in its northern edge, smoother in the southern edge. The relief varies from 
mountain slopes of the Sierra Baetica and Sierra Morena to the hilly reliefs that are 
scattered throughout the alluvial and coastal plains (more details of Andalusian physical 
geography can be found in Moreira Madueno and Otero Le6n, 1987).
The climate varies from maritime Mediterranean to subtropical Mediterranean, from the 
west to the east of the studied area, characterized by high temperatures (up to a maximum 
of 40°C and average values of the maxima up to 28°C), moderate rainfall (between 550 
and 650 mm/year), and high evaporo-transpiration (as far as 900 mm/year, the highest in 
the European continent). The dry season is relatively long, and sometimes there may be 
very little rain over several years, limiting agriculture to dry Mediterranean crops, i.e. the 
Mediterranean triad of wheat, olive and wine (Junta de Andalucfa, 1997, pp.2-5): it 
represents about three quarters of dry farming in Andalusia, accounting for about 80% of 
total agricultural area and slightly less than 40% of the overall territory (Junta de 
Andalucfa, 1997, pp.6-7).
From a geopedologic standpoint, agricultural use depends on the capacity of soil to 
maintain humidity, which allows good cropping conditions for the Mediterranean triad.
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Soils can be divided into various complexes, differentiated according to the geographical 
portions of the study area, and are described as follows.
Starting from the southern edge of the area of study, we find the soils around the southern 
edge of Cordoba and Jaen provinces. They vary from poor and less developed calcareous 
soils to Mediterranean red soils, verti-soils and chalky soils, all relatively good for dry 
farming of all the triad crops.
Then, moving toward the Guadalquivir valley, we identify changes across a line between 
Niebla (in the province of Huelva) and the Guadalete valley. Here we find more 
hydromorphic soils, whose clay-slimey composition makes them the most fertile soils in 
the study area for dry farming, traditionally devoted to cereal crops. Isolated calcareous 
hills are scattered in this area, identifiable in: (i) the hilly Aljarafe of Seville, which 
already before the Arab period was specialized in olive monocultivation, (ii) the hill of 
Carmona, (iii) Los Alcores and finally (iv) the Ubeda area in Jaen province. These 
constitute the final miocenic formations with relatively low fertility and little 
hydromorphic potential. They include Mediterranean calcareous sandy soils, 
Mediterranean red soils and rendzinas, where olive crops now dominate but in older 
times were alternated with vines and wheat.
In the southern edge of the Sierra of Montoro, which represents a geomorphologic 
transition phase between the Sierra Morena and the Baetica Depression, red 
Mediterranean soils alternate with poorly developed ranker soils: here olive crops 
dominate. The alluvial plain valley of the Guadalquivir constitutes the most fertile share 
of the area of study, where the clay-slime-sand composition of the soils encourages 
intensive wheat cropping, which here reaches high productivity levels. Finally, the area 
of the Marshes, i.e. “Las Marismas”, where now is located the “Natural Park of Donana”, 
is characterized by salty vertisoils, whose composition has allowed only intensive 
livestock breeding during the XXth century, basically for bull fighting (more details in 
Junta de Andalucfa 1995).
2.2.2 Rural environment and agricultural production systems in Andalusia
The concept of rural environment has been widely explored by human geographers since 
the last century. The meaning we adopt for the term here may be expressed as the 
historical synthesis of natural and human environments associated with the area in which 
agrarian production is pursued. Therefore, it can be used to interpret the organization 
and structure of the territory (Florido Trujillo,1996, pp.25-35; Derruau, 1981; a detailed 
historical description of the concept of rural environment may be found in Florido 
Trujillo, 1996, pp.25-35).
Within this framework, agricultural production systems -and their associated rural forms 
such as buildings- have had a major influence in defining the rural environment, as 
production systems have socio-economic and cultural determinants (Florido Trujillo, 
1996, pp.39-42).
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The interpretative model which has been used here is based on the identification of 
distinct agricultural production systems: (i) cereals, (ii) olives, (iii) vines (iv) livestock. 
Accordingly, seven farm and related building typologies have been recognised: (i) 
vineyard farms; (ii) wine-press farms ( lagares); (iii) dry farming cereal-fallow farms 
(latijundia); (iv) livestock farms (cortijos ganaderos); (v) olive mills, olive growing 
small mansions and olive-growing farm-houses (molinos, caserias, cortijos); (vi) 
Montoro-type farm (caserfa Montoreha); (vii) olive big mansions and latijundia 
{haciendas).
Generally speaking, the agricultural production systems in Andalusia have been basically 
dry farmed. Although innovative irrigation systems were introduced by the Romans and 
improved by the Arabs, these were essentially limited to eastern Andalusian minifundia. 
Only from the XIX century was the first big project of more widespread irrigation carried 
out under the National Hydraulic Plans. Nevertheless, these interventions had very little 
impact on the previous traditional production structures (Del Moral Ituarte, 1991).
Generally speaking, big farms dominated much of Andalusia until now; their main 
typologies are therefore worth analysis. On the agricultural production side, the vine is 
probably the most ancient crop in Andalusia, although it occupies nowadays a very 
limited area (about 1% of Andalusian dry farmed area), identifiable in the areas of Jerez, 
Montilla, Condado de Huelva and the Sevillan Aljarafe. Beside their socio-economic 
importance, the functional production structures associated with wine processing 
represent a very significant aspect of Baetican history and culture.
Cereals represent the most important crop in terms of land area, accounting for about 
42% of Andalusian dry farmed area, and more than half of the Usable Agricultural 
Surface (UAS) in Andalusia. Cereals are concentrated essentially in the most fertile soils, 
where latijundia dominate; the rural building associated with cereal cropping is the 
cortijo; it is easily recognizable as it is flat, white and very simply structured, and widely 
scattered thoughout the territory studied.
Andalusia accounts for more than half the olive cropped land in Spain, and the Baetica 
Depression represent the major part of it. Olive crops account for about 30% of 
Andalusian dry farmed land, mostly located on miocenic formations with very poor soils 
in marginal areas (Sevillan Aljarafe, areas surrounding Ubeda and Jadn). In these areas 
the olive has come to represent a monocultivation pattern only in recent times.
Livestock farming is the final production system identified, often integrated with the 
previous production systems to supply animal power and livestock products. Until the 
last century the livestock farms were concentrated in the flooded plains. Nowadays, they 
have been mostly substituted by heavily mechanized agriculture, although some small 
and highly specialized livestock farms remain in marginal lands where mechanized 
agriculture is not viable.
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2.3 Historical evolution of agricultural activities in Andalusia
2.3.1 Evolution of agricultural production systems in Andalusia: from first historic 
sources to the Christian Conquest
The first archeological, anthropological and palinological witnesses of the Mediterranean 
triad crops are dated far before the Roman period. They are examined separately.
Olive growing was introduced into Spain during the maritime domination of the 
Phoenicians (1050 B.C.), but did not develop significantly until the arrival of Scipio (212 
B.C.) and Roman rule (45 B.C.).The Romans especially promoted the cropping of the 
olive tree all along the Mediterranean coast, using it as a peaceful weapon to settle the 
conquered peoples (more details can be found in Part I, section 5).
After the third Punic War, olives occupied a large stretch of the Baetica valley —the 
Guadalquivir valley— and spread towards the central and Mediterranean coastal areas of 
the Iberian peninsula (more details in Part'll, section 2.3). From the first centuries of its 
domination, Rome constituted the main market for Baetican olive oil, considered of 
excellent quality and quoted in many literary sources (Apicius, 1992): a tremendous 
quantity of corks of olive oil amphorae from the Baetica were recently found in the 
ancient market-hill of Testaccio in Rome.
Generally speaking, olives were never cropped as a monocultivation during this period, 
and the increase of the production of Baetica olive oil was accomplished essentially by 
expansion of the cropped area rather than by intensification.
Vine production was one of the most important agricultural activities in Andalusia 
throughout the period of Roman domination, mostly concentrated in the area of the 
mouth of the Guadalquivir (Cadiz province); the techniques used were well refined, and 
have been maintained until now without significant modification. Vine presses were 
similar to but smaller than olive presses, and the blending of vines was used to improve 
both flavour and colour (Saez Fernandez, 1987). The commercial network was perfectly 
developed in the 1st century A.D., which allowed to market and export significant 
quantities of Baetican wine essentially to Italian markets.
On the side of cereal production, dry farmed wheat was very important: rotations of two 
or three years, depending on the soil conditions, was considered the best means to re­
constitute soil fertility. According to Plinius, during this period, the cereal production 
farms were essentially oriented toward self-consumption, which means that olive trees 
were disseminated throughout the cereal cultivations. As regards land ownership, a 
progressive growth of the latijundia was witnessed during the Imperial Age: the income 
generated by the agricultural business was re-invested in agricultural land in Baetica. 
This process did not involve the Roman aristocracy, but was essentially led by hispano- 
Roman landlords. It led to the progressive disappearance of the small minifundia owned 
by farmers who lived free in their villages and towns. The number of ‘villae\ the 
building patterns providing both residence and agricultural farms, begin to dominate the
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production and dwelling structures, thus defining the essential production profile of many 
hispano-Roman fortified towns, eg. Italica, Hispalis, Ilipa and Ugia (Gonzalez, 1951).
Livestock production was a constant and complementary production system: it did not 
constitute either a priority or a specialized production activity during the Roman period.
As regards the rural environment, it is important to highlight the significance of the most 
typical form produced during the Roman period, i.e. the villa. The term villa is used to 
identify a multifunctional complex which combined the functions of permanent or 
temporary residence of the owner or his family, the agricultural and breeding activity 
coming from the surrounding land, i.e. fundus, and the agri-industrial activity of 
processing and marketing of agricultural products (Fem&ndez Castro, 1982).
Accordingly, the Roman villa is generally located in healthy and pleasant sites, and is 
constituted as follows: (i) a residential part, similar to the residence in the town, i.e. pars 
urbana, according to Columella, with comfort, luxury and art (statues, paintings, 
galleries, fountains, mosaics, ornamentation) according to both rigorous Roman and 
hispano-Roman hybrid forms; (ii) a functional residential part, i.e. pars rustica, devoted 
to the residence of farmers as well as to the associated supporting infrastructure , eg. 
ovens, cellars; (iii) the infrastructure of the strict agricultural production, basically 
devoted to transformation and storage of the agri-industrial products, i.e. pars fructuariay 
which was the base of the overall economy of the complex. The same structural pattern of 
’’residential farm" has been found as far away as Roman Britain.
Essentially, the same agricultural form was maintained throughout the decline of the 
Roman empire and during the period of the Visigoth domination, when the pre-existing 
boundaries of agricultural property were preserved. The only significant phenomenon 
during this period was the progressive enhancement of the latifundia structure, which was 
more and more concentrated into the hand of local Elites. Some authors believe that 
during this period the structure of the villa was enriched by the introduction of a chapel 
(due to the conversion of the Visigoths to Christianity) and a small watchtower.
From the VII-VIII century A.D. the Arabs brought important contributions to agriculture, 
introducing new varieties (eg.hard wheat, sorghum, olive cultivars1), improving on a 
small scale the previous irrigation systems. On the side of land ownership, scientific 
evidence reveals that the forms of Andalusian hispano-muslim production-residencial 
complexes, i.e. the alquerias, were the direct descendant of Roman villae, where 
traditional agricultural patterns promoted by the Romans were strengthened.
Despite Islamic laws, wine was produced in abundance; according to the historian 
al’Razi, olive oil production reached very high productivity levels, especially in the 
Sevillan Aljarafe, but olive crops were extended also in the area of Jaen, Baena, Cabra, 
Medina Sidonia, Arcos and Mordn. Livestock farms were concentrated in the pasture
1 The Arabs brought their olive varieties with them to the south of the Iberian peninsula, and influenced the 
spread of cultivation so much that the Spanish words for olive (aceituna), oil (aceite), and wild olive tree 
(acebuche) come from the Arabic.
155
lands of the Guadalquivir mouth, the “Marismas”, where the Arabs were breeding 
especially war-horses (Sanchez Martinez, 1980).
During the Arab domination, the building termed alquerfa gradually replaces the Roman 
villa. Beyond the discussion regarding the philology of the Arabic term (Gonzalez, 1980, 
p396), two basic rural forms are included under this terminology: (i) the large olive farm 
called in Spanish hacienda, which provides approximately the same functions as the 
Roman villa, and probably derives from it in a fairly direct way; (ii) the small-size olive 
farm, called in Spanish cortijo, whose use is usually limited to production functions. The 
part devoted to the residence of the owner is excluded, and usually the overall complex is 
smaller and poorer, and lacks the luxury and display of art and other possessions which 
characterized the Roman villa.
Some authors propose the very interesting interpretation that this form arose from the 
degeneration of the small Roman villas whose economic survival had been jeopardized 
by the reduction of land ownership to only a share of the initial area of latijundium 
(Florido Trujillo, 1996, pp.69-71).
2.3.2 Evolution of agricultural production systems in Andalusia: after the Christian 
Conquest (XIII-XV centuries)
The lack of continuous data regarding the evolution of the agricultural profile of 
Andalusia together with the extremely poor availability of information regarding the 
structure of land ownership make authors aware of the high degree of uncertainty in their 
hypotheses for this period. Nevertheless, a general consensus has been reached about the 
identification with the beginning of the Christian Conquest, i.e. the iiReconquista,\  as the 
starting point of the process of land distribution which radically affected the overall 
structure of land ownership (Gonzdlez Jimenez, 1982).
In fact, simultaneously with the completion of war campaigns, the king carried out a new 
allotment of the conquered lands by donations and gifts — ranging between 200 and 400 
ha — with the double objective of compensating his nobles, Church and military orders 
for their services as well as for re-populating the devastated lands. Additionally, a process 
of minor donations was carried out by the king to benefit the common populace, which 
received significantly less than half the conquered lands.
Nevertheless, although during the first phases of the Christian Conquest, i.e. the first 
decades of the Xlllth century, the previous land ownership was more or less maintained, 
the germ of the newly re-distributed latijundia had been sown: the emerging dominant 
social groups progressively concentrated in their hands larger portions of the conquered 
and more fertile agricultural territory. This process was exacerbated by the fact that the 
first destinaries of the land sold their holdings to social actors who were interested in 
accumulating and enlarging their ownership of agricultural land.
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Additionally, three historic phenomena fundamentally influenced the socio-economic 
and cultural profile of the newly Christian Andalusia, exacerbating the concentration of 
land ownership in the hands of a few landlord families:
✓ the failure of the re-population process due to the massive expulsion of the mudejar 
population, i.e. the muslims forced to convert to Christianity, following the rebellion 
of 1264 A.D.;
✓ the demographic crisis of XIII century due to the consequence of the ongoing war, i.e. 
starvation, epidemics, continuous battles along the border with the surviving Arab 
areas, which led to depopulation;
✓ the need of the kings between the XlVth and XVth centuries to strengthen their power 
and to carry on the war against the Arab state of Granada: for this purpose, the king 
needed strong support from the nobility, obtained by even larger donations; this 
process was witnessed especially during the fights for royal power led by the party of 
the family of Trastamara, which started with the struggle between Henry II of 
Trastamara and Peter the Cruel (more details can be found in Cabrera, 1988).
In this period, the power of the landlord families over the lands was really absolute: until 
the second half of the XlVth century, land property right included both ownership and 
jurisdiction. From this date, the king forced most latijundia landlords to give him formal 
ownership of their most fertile portions of land, over which the landlords maintained the 
jurisdiction. Nevertheless, many factors conspired against this attempt of the king to re­
direct to himself the control of most strategic lands. The process of accumulation went 
on, enhancing the concentration of the lands in the hands of few privileged families. 
Several factors contributed to this process: (i) the usurpation of village or royal lands by 
nobility; (ii) the donations of lands to the Church; (iii) the immobilization of lands 
owned by the Church as well as by military orders, i.e. “Manus Mortuae”, which were 
not allowed to be fragmented.
As a result, by the end of the Middle Ages the structure of agricultural land ownership in 
the Baetica was highly concentrated in a few groups of very powerful families as well as 
other privileged groups, i.e. the Church and military orders.
On the side of rural environment, due to the uncertainty produced by wars, several 
transformations took place in the organization of both lands and production systems. 
Cereal producing farms differentiated their production systems according to the pan 
tertiato strategy, devoting two thirds to wheat and one third to oat production, more 
resistent to devastation and used for both human and animal food. The techniques were 
those traditionally used and imported from Castile; rotations were generally biannual 
according to a system called “de aho y vez'\ which means dedicating half of the 
agricultural land to fallow and the other to cereals, usually wheat (more details in Mox6, 
1979).
During this period, olive-growing farms lost importance in the area of Cdrdoba, while a 
limited expansion of olive crops was detected in the area of Jaen, where a very important 
increase of livestock farms was witnessed, which accounted for more than one third of all 
agricultural lands. Generally speaking, livestock farms increased sensibly throughout
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Baetica during these periods of wars. The only area where the extension of the olive 
cropped areas remained very important was the Sevillan Aljarafe. Vine farms witnessed a 
dramatic decrease throughout Andalusia, where some monocultivation farms, although 
not very common, began to appear. The cultivation techniques for both vines and olives 
were the same as in previous periods (more details in Rodriguez Molina, 1978). During 
the second half of the XVth century both historical and socio-economic conditions led to 
a first demographic increase which continued through the following century. 
Simultaneously, the new political order following the fall of the Arab domination gave a 
dramatic impulse to agricultural production, especially olive and wine, encouraged by the 
opening and highly growing demand of the Flanders and Italian markets. Accordingly, an 
important upstream effect was detected in the increase of wine and olive production 
which took place especially near harbour towns. Similar dynamics were maintained and 
enhanced during the first decades after the Conquest and colonization of America.
Generally speaking, rural buildings during the Middle Age were transformed and 
fortified. The Arab alquerfas were provided with watchtowers and defence towers, some 
of which are still preserved today (the olive-growing farms called Hacienda Dona Maria 
in Dos Hermanas and Hacienda Loreto in Espartina, both near Seville). Nevertheless, the 
most important transformation of the rural building was the differentiation of the farms 
producing olives from those producing vine and cereals.
The vine farm is the poorest type in terms of functional and structural complexity, the 
olive farm the richest, while the cereal farm has intermediate characteristics. Wine was 
generally by farmers in villages and towns, so there was no wine press in the
wine farm buildings. They were near the vines, extremely simple and poorly equipped. 
Their highest expression of complexity included a central closed courtyard surrounded by 
few infrastructures, generally a portal, a cellar, and sometimes one or two rooms with no 
specific or unique function.
The complexity of cereal farms . Although the farm typology is relatively
simple, it shows some new infrastructures. Around a central, closed courtyard entered 
through a portal, different elements are distributed, like ovens, stables, straw-stacks and 
other spaces used to breed chickens and sheep. Unlike vineyards, cereal producing farms 
may be located in rural and pooorly inhabited areas; thus, they usually include a part 
assigned to the residence of farmers.
The olive farm is essentially devoted to both olive growing and olive oil production. 
Generally speaking, olive growing represents the main activity of the farm, and its 
associated rural buildings are characterized by high structural and functional complexity. 
The agri-industrial production structure is developed around a central and completely 
closed courtyard, where the olive milling and olive oil storage facilities constitute an 
important part, as well as the accomodation areas for draught animals, workmen and 
owner. The olive oil processing structures and infrastructures characterize this complex, 
and are very similar from Roman times to the end of XlXth century, including some 
variations during the Arab period.
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Although the building materials were relatively simple and poor (clay, bricks, wood, very 
rarely stones), their complexity constitutes the forerunner of more elaborated and 
artistically refined rural forms which will dominate in the centuries of the Renaissance 
(more details in Montes Romero-Camacho, 1989 and Collantes de Teran, 1977).
2.3.3 Focus on Andalusian olive production systems: evolution from the Middle 
Ages to the present day (XV-XXth centuries)
By the Middle Ages, agricultural production systems are still not clearly differentiated. 
However, some basic characteristics of the different Andalusian agricultural production 
systems are already present, due to the low degree of specialization in production 
patterns. As many cereal farms have been transformed into olive farms during the last 
centuries, a specific section has been devoted to their historical evolution (Appendix 
Ill.vi).
Olives have been the second most important extension crop after cereals, but have been 
as important economically as cereals. Since ancient times olive oil has constituted a 
fundamental component in the cultural and dietary patterns of the inhabitants of the 
Guadalquivir Depression. Nevertheless, since Roman times, the expansion and 
importance of olive crops has been also associated with the export of olive oil, and this 
has become a very important driving force for the olive-related economy during the last 
centuries.
This economy has been characterized by a very particular historical development, related 
with two important phases of transformation: (i) the first one takes place in the XVIth 
century, associated with Conquest of America; (ii) the second between the XVIIIth and 
XlXth centuries, following the overall shift, driven by the new middle classes, of 
Andalusian agricultural society towards maximizing functionality, profitability and the 
growth of world export markets. These two phases have been analyzed separately, as they 
produced significantly different socio-economic and cultural changes.
From the XVth century Seville played a very privileged socio-economic, cultural and 
historical role in the relationship between Spain and its American colonies. Generally 
speaking, Seville was the leader of the trade between Spain and its overseas dominions: 
for several decades, it had already dominated trade in agricultural products, among which 
olive oil and wine were the most profitable and widely appreciated by European markets, 
mostly those of Italy and Flanders.
In fact, a law established that not less than one third of the merchandise exported to the 
colonies had to be agricultural products (tercio de frutos). Additionally, the American 
demand for food and industrial uses, i.e. soap factories, made olive oil the most profitable 
business throughout the XVth, XVIth and XVIIth centuries. As a consequence, the area 
close to the harbour towns which supplied the trade fleets to America began to be 
cropped with olives and vines. The increase of supply was achieved by two different 
processes, the extension of olive crops as well as their specialization and intensification.
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From the end of the XVth century until the end of the XVIIth century olive farms 
witnessed a fundamental transformation, pushed by the constant growth of demand and 
prices for their products. As a consequence, the increase in land cultivated and 
intensification of olive crops took place until the end of the XVIth century , enabling 
demand and supply of olive oil to be matched. The structural transformation of the cereal 
economy followed a process closely similar to that observed for olive farms (more details 
can be found in Appendix Ill.vi).
On the other hand, following the overall European trend, the XVIIth century was 
characterized by a marked recession, when European agriculture experienced a major 
crisis. In Andalusia the deep demographic crisis due to wars and epidemics, together with 
the related increase in the availability of land, lead to an important growth in the price of 
olive oil, which encouraged the landlord families to extend olive crops to more fertile and 
productive lands, displacing cereal crops. Simultaneously other areas were devoted to 
specialized olive crops without, as before, sharing the agricultural land with vines or 
cereals. Thus, the first pre-industrial olive monocultivations were established.
Traditional olive-cropped areas were close to Seville (i.e. Aljarafe), which since Roman 
and Arab times was assigned to olive-dominated crops. It was also characterized by an 
efficient transport infrastructure linked to the harbour, which made the Sevillan Aljarafe 
the ideal olive cropped area. Some authors define this process as the first capitalist 
modernization of Andalusian agriculture (Drain, 1977 and Bernal, 1988).
Nobility, merchants and some craftsman families enriched by trade with America were 
the leading social groups in the transformation of the olive-based economy. Unlike the 
cereal farms, the landlords of olive farms preferred not to hire but to manage and control 
directly the entire production process, from the agricultural production of olives to their 
processing and marketing, conscious of the very high profits this business provided.
In the context of the rural environment, from the XVIth century a specific form is 
established, combining the residential and agri-industrial functions, i.e. the hacienda. 
Usually located close to urban belts, the hacienda reached its greatest splendour at the 
end of the XVIIIth century. Based on the evolution of the functional and organizational 
pattern of olive-related medieval buildings, coming from the Roman villa — after having 
passed through the Arab form of alqueria— the hacienda was characterized by a very 
sumptuous residential part used by the landlord.
This manifestation of ostentation and luxury is related to the fact that Seville was the 
socio-economic and cultural centre of the Spanish empire until XVIIIth century, being 
the most favoured harbour to the overseas colonies and the first monetary market of 
Spain: it was a town which imagined itself as the “New Rome”, which “lived for 
ostentation” (Elliott, 1990). In this light the hacienda embodied the image of the landlord.
The term hacienda defines a whole complex of olive-dominated agricultural land coupled 
with a residential-agri-industrial complex, intended to satisfy many functions, as follows:
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-*> A medium-large portion of agricultural land was usually dedicated to olive crops, 
while small fractions of the land were dedicated to breeding of draught animals 
necessary for both agriculture and olive oil processing. Sometimes a small fraction of 
land was assigned to vines for self-consumption.
An important part of the agro-industrial complex was used for olive oil.
*► A very comfortable and luxurious part was used as residence for the owners.
As a consequence, the most authentic character of the hacienda pattern is the Sevillan 
type, as it best manifests the prestige and social status of the owner: the proximity of the 
hacienda with the metropolis enables the landlord to have good access to the market and 
to show his socio-economic status (Florido Trujillo, 19%, pp. 109-112). In other parts of 
Andalusia the hacienda showed a similar development, although with variations in 
response to economic and cultural requirements.
In fact, from the end of XVth century until the beginning of XVIIth century, Andalusian 
society was rapidly transforming and enriching itself: the trade with the colonies was an 
extremely profitable activity, especially the trade of olive oil and wine. As a 
consequence, the olive based economy allowed the emerging middle classes (i.e. 
merchants and adventurers) to support a lifestyle similar to that shown by nobility, 
enabling them to find a favourable position in the prestigious Sevillan society. In this 
context, the image embodied in the hacienda was often used as a passport for titleless 
classes to have access to the upper spheres of politics and society (Dominguez Ortfz,
1991).
Seville —and generally speaking Andalusia as well— never again experienced a similar 
period when economic, social and cultural interests converged with such emphasis and 
euphoria (Morell Peguero, 1986 and Florido Trujillo, 19%, pl07): it really seemed that 
Andalusia and particularly Seville lived again the period of economic wealth, artistic 
splendour and intellectual and cultural magnificence experienced by the Baetica province 
in Roman times.
The socio-economic, architectural and cultural response to the concerns of the 
Andalusian leading classes provided by the hacienda during the Renaissance was not 
new: the harmonization of production needs with social requirements, demonstration of 
status and prestige were already identified in the concept of villa during the Roman 
period. Accordingly, classical culture and criteria were emphasized.
Following also the historical links between Spain and Italy, values and concepts from 
classical times and from the Italian Renaissance were explored and adapted: four 
paradigms from architectural theory for Renaissance Italian villas were used to shape 
Andalusian haciendas (and more specifically the Sevillan typology), i.e. comodita, 
sabita, belleza and magnificanza. The first two criteria emphasize providing the functions 
of production, comfort and prestigeous residence. The last two express the the objective 
of providing leisure and aesthetic pleasure, describing the necessity of the landlord to 
develop a sumptuous image which reflects his social status and economic power 
(Bentman and Mueller, 1975).
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Deep transformations followed this period, when a profound socio-economic and 
political crisis shook both Andalusian and Spanish society, and trade ceased to be 
profitable. Nevertheless, the olive economy remained the most stable and profitable 
activity during the XVIIth and XVIIIth centuries, as both prices and demand for olive oil 
continued to increase. The inflation caused by the massive inflow of gold and silver from 
American colonies into the European markets pushed the socially leading groups to 
concentrate their investments and recent profits even more into lands and haciendas: this 
trend was maintained until the end of the XlXth century.
The symbolic value of the hacienda remains enormous until the XXth century: it is the 
reference point of the territory, and has a major influence in defining both image and 
culture of Andalusian leading classes until the last decades of XlXth century and even the 
first decades of XXth century.
In this last period in fact, most leading social classes spent a considerable amount of 
money in the restoration of their ancient mansions, also building new haciendas 
following the traditional architectural patterns. Additionally, some important historical 
phenomena contribute new characters to this process: in fact, with the consolidation of 
the agricultural middle class and the expropriation of the lands of the Church, i.e. 
desamortizacidn, new social priorities seem to become the driving force of the 
entrepreneurial culture, injecting both initiative and technological innovation into the 
production patterns.
Nevertheless, although technological innovations in olive oil processing make the 
hacienda fairly obsolete, we find a second phase of its expansion and diffusion, which 
some authors attribute to the tremendous ascendancy it exerted in the collective memory 
and culture (Atienza, 1991, pp.5-17). For other authors the reasons for this phenomenon 
are not veiy clear (Florido Trujillo, 1996, pi 12), because this attitude differs deeply from 
the general behaviour of the agricultural middle class of XlXth and XXth centuries, 
essentially oriented towards mere profitability. Many authors argue that the hacienda still 
represents a strong symbol in Andalusian culture meaning status and prestige (Atienza, 
1991, pp.85-88).
Throughout the XlXth century Andalusian olive oil production was stimulated by the 
rising demand in England and France for olive pomace (the residue of olive oil 
processing), which was used for lighting or as lubricant for industrial processes. 
Additionally, the enhancement of transport infrastructures fostered and improved the 
distribution and commercialization of Andalusian olive oil, i.e. the main olive oil train 
lines which linked Cadiz to Seville, Cordoba to Seville, Jadn to Madrid and the olive- 
growing areas of Puente Genii with Linares.
Accordingly, Andalusian producers become the leaders of Spanish olive oil production 
and commercialization, an activity which directly involved most big and several medium- 
scale producers. According to many authors, during this period the big olive cropped 
areas (latifundia) remain dominant in Andalusia, although some authors underline the
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increasing importance of small olive oil producers, mainly coming from the agricultural 
middle class which progressively achieved an important prosperity, located in the area of 
Ja6n (Mata Olmo, 1982). In other areas the high capitalization necessary to exploit the 
market opportunity was limited to major landlords (Zambrana Pineda, 1996).
Nevertheless, from the end of the XlXth century the general agricultural crisis, coupled 
with the substitution of cheaper oil-derived lubricants, as well as the increasing market 
share taken by Italian olive oil (due to the better quality obtained thanks to technological 
breakthroughs) led to a significant decrease of European demand for olive oil, and more 
specifically for Andalusian olive oil. Also commercialization of Andalusian olive oil 
begins to be dominated by foreign companies.
During the following decade the phyloxera pest devasted European vines, and the First 
World War was beginning; demand rose as Italian olive oil became unable to satisfy 
world markets. This encouraged big landlords to accelerate the modernization of overall 
olive oil production, and to improve the image of Andalusian olive oil. This was achieved 
through a marked increase in the capital involved in olive cultivation and the introduction 
of new industrial machinery for olive oil processing.
Accordingly, the so-called “Golden Age of Spanish olives” was beginning, lasting 
approximately until the 1930s (1913-1933): olive crops were also planted in areas which 
had previously been dedicated to other crops, especially wheat, whose unstable price is 
considered to be one additional driving force for this process. This process took place 
especially in the province of Jaen. Accordingly, many buildings previously dedicated to 
wheat production, i.e. the cortijo, were re-arranged to provide the higher production and 
productivity requirements of olive oil, i.e. the caserias de Montoro.
During the dictatorship of Primo de Rivera, in the early 1920s, the olive policy received 
an important impetus which led to overproduction of olive oil. This factor, together with 
the increasing frauds due to the technological possibility of refining vegetable oils, 
exacerbated the process of protectionism promoted by Primo de Rivera. This process 
paved the way for large foreign companies to enter Andalusia: these began to control the 
flow of raw material into the world market which required more and more quality and 
efficiency, thus becoming dominant in controlling both processing and marketing of olive 
oil. The most profitable phases of the whole production system were allocated to 
processing and marketing of olive oil, and the gap between agricultural and industrial 
phases was growing, reflecting the increasing distance between rural and urban living 
conditions.
As a consequence, the olive growing area of Jaen began to be modernized, gaining 
significant comparative advantages over the area of Seville and Cordoba, where the land 
ownership profile curbed the modernization process. The agricultural middle class of 
Ja6n was much more keen to modernize and invest in olive crops than the other 
dominating classes of Sevillan and Cordobese societies, whose socio-economic 
decadence was the expression of a slow but continuous process starting with the decline 
of trade with the American colonies from the XVIIIth century.
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On the other hand, industrialization of the olive growing production system in the area of 
Ja6n led to the empoverishment of landscape diversity and to the depletion of important 
environmental resources (soil, biodiversity) and to the disruption of the related delicate 
environmental equilibria. The growing separation between agricultural production and 
industrial processing paves the way to the maneouvres of trans-national companies 
which, from the end of the 1950s, progressively became very important actors also in the 
agricultural world, increasing the prices of chemical inputs and machinery.
Two important phenomena take place in these times:
□ The mechanization of olive oil processing, a very important transformation of the 
agri-industrial system associated with the olive economy, which heavily influenced 
the rural depopulation which took place in Andalusia since the sixties.
□  The transformation of the structure of the olive-related economy experienced a 
relatively difficult phase from the sixties until the eighties, as it was unable to fulfil 
the standards required by both European and world market.
Additionally, the image of olive oil was less favourable from the 1970s until thel980s, 
due to adverse publicity against the healthy performance of olive oil. Additionally, 
following its entry into the European Community in 1986, Spain experienced an 
important growth of its olive oil industry. In fact, European standards and subsidies 
pushed Spain and especially Andalusian olive production to achieve better quality 
through more environmentally friendly production systems, while the scientific press 
promoted the healthy image of olive oil and Mediterranean diet. Additionally, olive oil 
was again identified as the healthiest among vegetable oils, and this led to rise of demand 
in wealthy markets (see Part II).
The dominating rural forms which characterize the rural environment during the last 
centuries are associated with the haciendas, whose structure recalls the medieval forms of 
the residential-production complex. An important transformation has taken place since 
the XlXth century , following the mechanization of olive oil processing. Many of the 
traditional olive presses were abandoned in the XXth century, substituted by new plants 
which allowed the production process to be rationalized and concentrated (Bernier 
Luque, 1979).
In the areas of Montoro and Ja6n we find the corresponding form of the Sevillan 
hacienda, i.e. the Montoro-type mansion (caseria o f Montoro). It consists of an agro­
industrial part, i.e. olive mill and stores, and a portion, sometimes almost luxurious, 
serving as a residence of the owners.
The origin of this type of complex lies in the socio-economic history of the owners of 
most olive cropped areas in both Montoro and Jaen, who were members of the enriched 
lower nobility and enriched merchants until the the second half of XlXth century. After 
these times, there was a transition phase when some middle class strata began to own 
significant portions of land coming from the expropriation of Church and State lands.
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Thanks to the manoeuvres of the traditional landlords, many of these lands passed into 
their hands. Again, a few social groups were able to concentrate in their hands large 
shares of agricultural land, and enriched themselves rapidly by exploiting them. Some of 
these landlords also had important public responsibilities, and there are plenty of 
anecdotes describing their ability in utilizing their public and political influence to orient 
public investements and political choices to their own benefit, eg. the building of roads 
and railways, the distribution of land and the differentiation of taxes (Martfnez y 
Reguera, 1916).
Like the Sevillan landlords, these new landlords of the province of Jaen invested 
significant parts of their recent wealth in their agri-industrial complexes, and built 
luxurious residences recalling the patterns that centuries ago characterized the most 
important haciendas in the province of Seville (Archivo Municipal de Ensenada, 1971; 
more details in Rorido Trujillo, 1996, pp. 117-123).
The last rural form associated with olive-growing farms is the olive-growing farm-house 
(olive cortijos), which is the expression of expansion of the olive crops from the 
beginning of the XXth century. These forms come from the transformation of agricultural 
buildings which were formerly dedicated to wheat production: they were re-arranged and 
managed to fulfil the needs of olive production, and were adapted to die new 
requirements of more complex and articulated production, starting from their original, 
simpler and poorer forms.
Generally speaking, technology, market and social developments induced fundamental 
changes in the rural environment and builings associated with olive farms. Their 
evolution from the end of the XlXth century until now has been dominated by different 
dynamics: (i) the progressive rural depopulation at the end of XlXth century, driven by 
the general agricultural crisis at European level; (ii) the following impetus to 
mechanization and modernization of olive oil production system which took place since 
the first decades of the XXth century; (iii) the formation of powerful cooperatives which 
concentrated and rationalized olive oil processing, commercialization and marketing 
processes, making obsolete the olive milling activities and facilities contained within the 
olive farm; (iv) the rising importance of trans-national companies in managing world 
trade of olive oil.
Following the evolution of processing technology, the differentiation of olive oil 
processing patterns offered to farmers the possibility of processing their olives 
themselves or sending them for processing in a cooperative (maquila). These were 
usually only small farmers until the second half of the XXth century, when a strong 
industrialization process transformed the structure and logistics of Andalusian olive oil 
production.
In 1992 appears the 2-phase continuous system developed by Fuentes-Cardona SA. The 
operating conditions of the centrifuge were modified so as to discharge two streams only: 
the oil and a wetter olive cake. Interestingly, this mode of operation required virtually no
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water addition, thereby reducing water and energy consumption. This eliminated the 
discharge of process wastewater as a separate phase.
For an equal production volume, centrifuge processes can operate with approximately 5 
times less labor than the discontinuous process. They are amenable to computerization 
and allow much better product quality control. This process substituted all the previous 
technology at a neckbreaking speed, now processing about 80% of Andalusian olives and 
about 65% of Spanish olives (Bonazzi, 1996e).
These recent technological breakthroughs have improved radically both the 
environmental and quality performance of olive oil extraction system with dramatic 
improvement in the productivity and efficiency of overall production. On the other hand, 
the impact on employment is not yet clear, although a shift toward highly skilled jobs in 
this sector is expected (Bonazzi, 1996f, pp. 1-2).
These dynamics are radically transforming and modernizing the whole olive sector, 
making it most cost-effective and competitive; on the other hand, it requires more capital, 
and only players with concentrated financial resources (actually only trans-national 
companies and large cooperatives) can face these challenges. Accordingly, small farms 
and mills can survive if they are well inserted in the local market of marginal areas or if 
they exploit the niche market of health image presented by traditionally produced olive 
oil.
The rationalization of the processing system induced radical changes especially in the 
richer forms of olive farms, which were less cost-effective and obsolete. Their 
transformation took place at the end of the last century, following the progressive 
abandonment of livestock breeding activities, due to increasing mechanization. 
Significant depopulation of the countryside progressed with industrial modernization of 
agriculture during the 1970s, continuing until now. Those farms which have promoted 
and witnessed these changes in order to face new productivity, quality and 
commercialization constraints led by market needs have survived, while the others have 
progressively lost market share and slowly decayed.
The richer and most luxurious forms of olive farms (i.e. haciendas) remained in 
Andalusian society as the most appreciated expression of the lifestyle of the dominant 
classes until the end of the XlXth century: this socio-cultural attitude determined its 
survival and often the building of new haciendas continued until the first decades of the 
XXth century, despite the fact that they were progressively losing their economic 
profitability and basic raison d'etre.
Then, due to the increasing rationalization and modernization of olive oil production, the 
hacienda has become very obsolete and costly: the orientation of the olive-growing farms 
towards table olives in Seville province, and the inadequacy of the functional and 
structural profile of the haciendas to face the industrialization of agriculture has confined 
their functions to recreation and leisure. Nevertheless, these functions were displaced by 
other forms of recreation, like tourism since the 1950s. Since then the last haciendas have
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faced a serious process of decay, still continuing: about one third of the haciendas are 
now in ruins, another third has experienced dramatic transformations and decline; ^
one third remains in a state of good preservation (Atienza, 1991, pp.85-89). (
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3. Technological profile of olive production 
in Andalusia
Study of the socio-economic, environmental and cultural profile and performance of olive 
cropping cannot disregard description and analysis of the overall olive production 
processes and techniques. Therefore, the main practices, techniques, technologies and 
innovations associated with the olive oil sector are explored.
3.1 Propagation and planting
Many of the existing olive crops are planted on land that is of poor quality, of little use 
for growing other crops and located on hillsides where erosion has washed away the most 
fertile layer of soil or in areas that receive little rainfall. On the other hand, when an olive 
tree is treated as a proper crop in a better watered environment, production increases as 
does quality. However, even when conditions are the most unfavorable possible, there is 
no overlooking the fact that the olive plays an important role where few plants could 
survive, protecting the soil and ensuring a balance in the region’s biocenosis.
Olive orchards can sometimes be planted combined with other crops. In extensive 
cropping, densities vary from 15 olive trees per hectare under drought conditions (Sfax, 
Tunisia) up to 1000 trees per hectare grown in intensive irrigated orchards, using specific 
varieties and forced shapes. Ordinarily, planting densities in Andalusia vary between 70 
and 250 trees per hectare.
When establishing an olive orchard, the soil has to be well prepared, if necessary by deep 
ploughing. Holes have to be evenly spaced at a density advised by a reliable agronomic 
survey, using plant material of known origin and proven quality.
There are several methods for propagating the olive from various organs of a mother 
plant and reproducing its traits, i.e. (i) ovuli (pieces of the tree base); (ii) hardwood 
cuttings or truncheons (pieces of the main or secondary branches); (iii) suckers, which 
grow at the tree base, removed and transplanted; (iv) leafy stem cuttings, year-old shoots; 
(v) grafting; (vi) micropropagation, using tissue from vegetative apices, leaf mesophyll, 
endosperm or embryos.
3.2 Pruning
This operation adapts the natural shape of the tree to production needs, encouraging or 
restricting the growth of the branches. It is necessary to strike a balance between 
productive and reproductive functions so to extend the tree’s productive period by 
shortening the non-bearing juvenile stage and delaying aging. The volume of the plant 
must be appropriate to the growing environment; i.e. density, soil fertility and water 
supply.
A specific pruning design is carried out to shape the structure that will support the 
vegetative organs and fruit. During the last early years, pruning should be light because
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otherwise it has a depressant effect on growth and the onset of fruit production is delayed. 
The natural growth stance of the variety has to be encouraged. The trunk should not be 
higher than 80-120 cm in order to shade the tree, facilitate harvesting and keep the 
scaffold branches close to the roots. The main branches should be positioned at acute 
angles to the vertical to sustain the weight of the fruit and withstand the weather, and 
should be well distributed around the trunk, and abundantly covered with twigs to ensure 
efficient photosynthesis.
/  Maintenance pruning is carried out during the tree’s first productive stage, to obtain 
the optimum tree volume as soon as possible.
/  Rejuvenation pruning is practiced on the adult tree when the first signs of decline 
appear, such as excess wood, shorter shoots and defoliation. This indicates that the 
branch should be replaced.
/  Regeneration pruning is required in aging groves: it requires a vigorous action to 
regenerate at their insertion point those branches which have not been affected by the 
rejuvenation pruning.
Pruning implements vary from one region to another — hatchets, shears, billhooks, etc. 
— depending on the types of cuts desired. The increasingly more common power saws 
are useful as well as pneumatic pruning shears.
3.3 Fertilization
Photosynthesis by the olive tree extracts nutrients and water from the soil and utilizes 
carbon dioxide and solar energy. The average amount of the main extracted by
the olive tree to produce 100 kg of fruits varies widely (see Appendix Ill.iii, Tab.l). 
When the soil has abundant potassium, the olive’s consumption becomes lavish and the 
amount absorbed increases. Different types of soil, varieties, the use of the fruit for oil or 
table olives are factors that cause variations in the percentage of macroelements extracted 
through crops.
The soil intervenes as an intermediate factor in retaining and immobilizing the elements 
which are applied. The olive responds well to the application of nitrogen, although the 
response to phosphorus and potassium is more doubtful. Generally speaking, the amount 
of phosphorus that has to be applied is not significant, although a high level is retained by 
the soil. Potassium is also difficult for the olive tree to assimilate whether by the soil or 
leaf fertilization.
Foliar analysis during the winter rest period and knowledge of the soil type can be used 
as indices to ensure rational fertilizer application, whose balance is typically N=60%, 
P2O5=10%, K2O=30%. Sometimes the olive tree may suffer from a deficiency in other 
nutrients, although calcium is the nutrient which can cause blockage if present in excess. 
Additionally the soil where olive trees are grown has moderate to low organic matter 
content.
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3.4 Soil management
Tillage, with a range of farm implements that vary according to local habits, the 
objective and the nature of the land, is the traditional method of soil management used in 
olive farming. This facilitates the accumulation of rainwater in the ground, eliminates 
competition and facilitates the incorporation of fertilizers, but reduces the soil moisture 
and can cause massive erosion and degeneration of the soil structure. It may also cause 
the formation of a hard layer at the depth where tillage stops, which accelerates soil loss 
and the consequent destruction of surface roots during the growth period. Non-tillage 
methods have to come into recent use and involve controlling weeds by applying pre- or 
post-emergence herbicides. Still more interesting are the experiences of vegetal covers 
managed with low impacting herbicides, which may drastically reduce these 
disadvantages without affecting either productivity or production costs. Both those 
systems allow the olive roots to explore the most fertile layers of soil, improving soil 
structure and moisture accumulation. More details on the environmental implications of 
these techniques are provided in Appendix III.v.
3.5 Crop health control
The olive tree has a moderate number of parasites and diseases during its vegetative 
period, which could endanger the olive tree when their attacks exceed certain limits. The 
most harmful pests are the following. Other pests, with little economic and environmental 
impacts, are omitted.
Prays, the olive moth, whose larva feed on the flowers. The most effective treatments 
are organophosphcktc ; insecticides, although integrated pest control methodologies 
have identified in the Bacillus thuringiensis one of the most effective means of 
microbial control.
Dacus oleae, G., the olive fly, which damages the fruits by laying eggs inside them. 
Larval damage affects both the quality and quantity of olives. Dimethoate is the most 
effective measure to control this pest, although its environmental impact is 
significant. For this reason hydrolyzed protein attractants and a synthetic or even 
natural pyrethroid or phosphatic ester are highly recommended since they are less 
impacting on the environment.
Severe attacks by black olive scale (Saissetia oleae, B.) cause considerable damage, 
including leaf drop, shoot shrinkage and a decrease in inflorescences. When 
infestation is heavy, it is necessary to apply highly selective insecticides with low 
toxicity with respect to the secondary fauna. Black scale infestation is often the result 
of the excessive use of insecticides against other pests, such as the olive moth; thus 
black scale control begins with a correct control of other pests without altering the 
presence of beneficial entomofauna.
The most important diseases are described as follows.
S  Peacock spot (Cycloconium oleaginum, C.) is particularly harmful in wet years, and is 
treated with copper sulphate and copper based fungicides.
✓ Olive knot {Pseudomonas savastanoi, S.) manifests the infestation through small 
tumors which generally begin through wounds caused by pruning.
S  Sooty mould (a complex of Capnodium, Cladosporium and Altemaria) appears 
together with scales and is controlled by applying cupric fungicides.
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S  Other less common diseases may sometimes cause severe damage to olive trees, such 
as verticillium wilt (Verticillium dahliae, Kl.) olive shield (Macrophoma dalmatica, 
Th.) and soapy leaves (Gloeosporium olivarum, AL).
Once the disease has been diagnosed, the olive should be treated in a balanced way. The 
equipment used depends on the size of the orchard. In small holdings, knapsack sprayers 
are utilized, while in bigger farms tractor-mounted or trailed sprayers are utilized. If 
small amounts are applied, atomizers should ensure that a minimum amount per hectare 
has been applied. Herbicides also can be applied locally or, in relatively big farms, with 
planes or helicopters, although the environmental impact is more significant.
3.6 Irrigation
The olive tree is adapted to the climatic profile of the Mediterranean basin, with a long 
dry period in summer and a relatively short period of intense rainfall during the winter. 
The strong evaporation makes water the most important factor limiting production.
Olive trees react promptly to even small irrigation amounts, which can be distributed 
during the spring and summertime with specific low-intensity and drip irrigation 
programs (deficient irrigation). It is applied when the water deficit is particularly high for 
the plant, whose critical growth stages are thus surprisingly facilitated even with a small 
amount of additional water (shoot growth, inflorescence, and fruit ripeness phases). 
Micro-irrigation systems reduce evaporation from the soil, and enable the plant to absorb 
the nutrients more efficiently.
The total water applied should reach levels of approximately 700 mm/year, but this figure 
is strongly dependent on the evapotranspiration characteristics of the growth area.
The best harvest can be obtained by applying the equivalent of 30-50% of the water 
deficit (evapotranspiration less precipitation) using mini-sprinklers, drippers and micro­
tubes, sometimes also combined with irrigation (fertirrigation).
3.7 Harvesting
This is the most important operation determining the cost of the final product, as it 
represents in EU producer countries up to 75% of the total production costs, due to the 
high labour intensity of the whole of the harvesting operations. Additionally, it 
constitutes one of the most significant and delicate phases to preserve high quality of the 
olives. Poling -i.e. beating branches with poles- in harvesting can exacerbate the 
behavior named alternate bearing, i.e. the biannual yield variability. Olive fruits attain the 
maximum weight at full coloration, but at tree level the maximum harvest can be 
obtained when there are no green olives left or there is the largest amount of olives 
changing colour. In this phase, the olive begins to drop naturally.
It is very important to harvest at the most favorable moment, as an excessive delay may 
interfere with the accumulation process in the following year (flower induction 
phenomenon). On the other hand, less force and time are required to detach the fruits if 
they are close to the ripeness point. Damage depends on the methods used to detach 
fruits. In many regions, for table olives especially, hand picking is used, especially with
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protective equipment, but the costs are high and the yields low. The most common 
methods is poling, which consists of beating the trees with poles. This increases the 
productivity of the operation but, by damaging the branches and leaves, widens the 
alternate bearing gap, increasing the risk of pest attack and decreasing production the 
following year.
Machine harvesting has been recently introduced especially in large Spanish farms to cut 
labour costs: details are provided in the following section. In smaller farms cheaper 
systems have been introduced, based on branch shakers which can be managed by only 
one worker, but who needs moderate skills. Comparing this with the previous system, the 
cost is much lower, although the productivity per worker is lower. However, both 
systems are much more competitive and productive than the traditional poling. As the 
olives are knocked down, they are collected in large light synthetic nets positioned under 
the trees.
One increasingly common practice is the preparation of the ground under the olive tree, 
keeping it grass-free and collecting the olives which naturally drop from the tree, to be 
processed separately from those collected directed from the tree because of their lower 
quality. Once collected the olives are transported and washed with cost-effective washers, 
which preserve the quality until extraction begins, which generally cannot be more than 
24 hours after harvesting.
3.8 Olive cropping technological breakthroughs
The most promising innovations already entering the olive production systems will now 
be explored. Generally speaking, they are mostly concentrated in EU producer countries, 
where they are improving the environmental, quality and competitive profile of the olive 
cropping. On the other hand, the impact on employment is significant: the agricultural job 
profile is going to become more skilled and will need more training, while some 
technologies e.g. mechanized harvesting, could have a very negative impact on low 
skilled agricultural jobs.
* Mechanized harvesting
Olive harvesting is very labour intensive, absorbing 80% of the total added value of olive 
oil. It can be carried out by manual beating, picking and collecting nets.
In Spain a mechanical trunk shaker, combined with a reverse umbrella collector or with 
manual operations, has been successfully introduced over the last two years. The biggest 
are tractor-mounted devices, based on high frequency and low amplitude vibrations 
transmitted from the vibrator to the trunk through a clamp system. This system already 
accounts for 15% of olive production. This technology will produce greatest cost 
reduction for olive oil, making it more competitive. But it will also be responsible for a 
dramatic employment cut in die sector in the next 10-15 years, estimated from 50% to 
80%: this will occur in intensive olive dedicated regions, like Andalusia, where the 
unemployment rate is already up to 33%.
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* Genetic improvement of olive trees.
The olive tree is the tail-light in the genetic improvement of orchard crops: the genoma of 
many European olive trees have remained unchanged for 500 years. However, Israeli 
researchers are going to commercialize in the next five to ten years three olive varieties: 
one specifically for mechanical harvesting, taller, thinner and pyramidal; another totally 
resistant to the main mycosis pest (Cycloconium oleaginum Cast.), allowing lower 
pruning costs and avoiding spray contamination; the last is a dietetic table olive (10% in 
fat content), which can be eaten directly from the tree without softening treatment.
* Intensification of the orchards
Mechanization requires densily planted, regular and single-trunk olive orchards. 
Therefore specific pruning techniques are required. The advantages are clear: 20-30% 
increase in production is achieved after two instead of 6-7 years. This is going to take 
place in Spain and Israel, where densities of 200-250 trees per hectare have been 
introduced; in southern, marginal Tunisian lands, traditionally extensively cropped, a 5- 
fold intensification can probably be achieved.
* Deficient and saltv irrigation
The most important factor that limits olive production is water availability. In Israel it 
has been shown that a deficient two-three spot irrigation, concentrated during specific 
maturation stages, can more than double the yield, even in old and low-productivity 
orchards. In the next five years we can predict a highly efficient and environmentally 
consistent water use. In Israel and Tunisia, irrigation with salty water seems to be very 
promising, and will be commercialized in the next two years. Salty water requirements 
are only 20% higher than sweet water. The trick is simple: heavily irrigate with 6-7 
mg/1 of dry sediment brackish water before the rainy season, to prevent salt solution 
and evaporative concentration in the upper soil layers. The additional device of 
irrigating with sweet water during the first two years can lead to a three-fold production 
increase in highly intensified orchards.
* Integrated pest control management (IPM)
A coordinated EU program recently set up a transfer package for cost-effective reduction 
of pesticide inputs by up to 50% in the next 5-10 years, based on olive fly and moth 
control (Bactrocera and Prays oleae), through microbial insecticides (Bacillus 
thuringiensis) and pheromone-based mass trapping.
* Vegetal covers
Erosion is probably the most important threat to sustainability in Mediterranean marginal 
lands, where olive orchards are placed: annual soil loss can reach 80 tons/ha in southern 
Europe, and 250 tons/ha or even more in northern Africa and the Middle East: the 
associated productivity and biodiversity losses are impressive.
A technique has been specifically tested over the last years in Spain, based on vegetal 
covers intercalated between the olive raws, of oat or vetch, periodically cut with low
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impact herbicides or managed with flocks. It has proved to reduce soil losses by up to 
95% and biodiversity loss by up to 20%, slightly increasing productivity and costs.
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4. Socio-economic analysis of olive production
in Andalusia
The objective of this section is to provide an analyisis of the most important economic 
and labour characteristics associated with olive production.
4.1 Overall objective and approach
Generally speaking, the objective of this section of the study is to identify: 
v' economic aspects, evaluating the performance of olive production in terms of capital 
input, global economic resources and net income associated with olive farms;
S  social aspects, describing the performance of the olive production in terms of jobs, 
analysing their overall structure and profile, eg. direct, indirect, permanent and casual 
jobs.
To do this, it is necessary to identify a sample of olive farms which is representative of 
the whole of Andalusia. Literature review has been the first step of the study. 
Nevertheless, only one study has been carried out to assess only some limited aspects of 
the production performance of olive growing farms, i.e. Junta de Andalucfa, 1994. Some 
basic socio-economic facts and figures are provided in this study (illustrated in Appendix 
Ill.iv, Tab.2), which gives a first idea of the extremely high variability characterising 
Andalusian olive production.
Generally speaking, the average of Andalusian olive farm which comes out from this 
analysis comprises about 20 hectares employing 2 persons, one family working unit plus 
one casual worker, globally producing about 2 thousand kg of olives per hectare. The 
average production costs are about 10,000 Pts for yearly cropping practices and 20,000 
Pts for fixed costs associated with machinery and chemical inputs. The largest component 
of cost is associated with casual workers, and varies strongly with the organizational 
profile of the farm (Appendix III.iv, Tab.2). The contribution of EU subsidies to the 
overall farm income is extremely significant (about 42%), and is calculated to enable the 
income to stay above the reproduction threshold corresponding to a monthly wage of 
about 65.000 Pts: this is the lower limit of viability of the farming system below which it 
can not afford the minimum cost of living of a family, globally estimated to be around 1 
million Pts per year2.
Nevertheless, this study does not give a satisfactorily reliable picture of Andalusian olive 
farming for the following reasons:
v the limits of the sample considered highlights the high variability in the production 
performance of olive farms: this makes the average figure provided by this study not 
representative;
2 The overall family income of 1 million Pts -  structured by a monthly wage of 65.000 Pts integrated with 
an additional income source of about 200.000 Pts, coming from pensions, unemployment subsidy or small 
activities -  represents in Andalusia the lowest income allowing one family with up to two small children to 
maintain "with dignity" a lifestyle at the limit with the poverty threshold (Instituto Nacional de Empleo- 
INEM, 1997, personal communication). This figure varies with the cost of living throughout the region.
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v additionally, as infra-marginal and largest farms are not considered, the average 
figure and the range are even less representative 
v finally, the data source of this study is affected by the low transparency of land 
ownership in Andalusia. In fact, although this study shows that small size olive- 
growing farms -less than 5 hectares- are numerically dominant, large farms -bigger 
than 50 hectares, which is considered the lower limit of latifundium- still account in 
Andalusia for a significant share of the olive-cropped area; although in absolute terms 
they are only 5% of the overall farms, they account for a much larger real territorial 
share, which is difficult quantify. The reason is simple: the largest olive-cropped 
areas -owned by old nobility and richer middle-class essentially- are very often 
subdivided and registered to different owners, but in reality belong to the same 
family. Definitely, as the historical analysis has clearly stressed in Part III, Sections 1 
and 2, Andalusia still suffers the effects of many inefficient attempts at agrarian 
reform carried out since the XVth century.
4.2 Materials and methods
According to the above considerations, the socio-economic study developed in this 
section aims to identify and analyse in detail a sample of olive farms which is 
representative of the overall range, from the marginal to the biggest and most profitable, 
considered in real terms and not on the basis of the registry of land property. The 
assessment of experts -  civil servants from ministerial, regional and local authorities -  is 
pivotal to achieve this, described as follows:
/  Identification of significant range of olive production systems: a table has been set up 
based on the productivity range of olive farms to be analysed (Table III.4.1, also in 
Appendix Ill.iv, Tab.l);
/  Data source and identification ofkey-types of farms: within this range, a sample of 16 
farms has been identified as the most significant production profiles in Andalusia, and 
grouped in three main types and sub-types (Section III.4.2.1);
/  Methodology: the analysis of the Agrarian System is described and applied to the 
farm types of above (Section III.4.2.2)
/  Socio-economic profile and performance of olive production: analysis and discussion 
of the overall income and job profiles associated with olive production are carried 
out (Section 111.43);
/  Overall socio-economic performance: analysis of the overall economic and job 
resources associated with the families running the olive farms is carried out (Section 
III.4.4).
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Table m.4.1
Classification of Andalusian olive farms on the basis of productivity
Productivity (kg/ha) Farm classification
r <500 < 
,500-1500
sub-marginal
marginal
1500-2000  ^ marginality threshold
profitable
iv asoo m m very profitable
Source: Calatrava, 1997, personal communication.
4.2.1 Data source and identification of key-types of farms
Sixteen farms are identified by experts as relevant to the analysis, whose main 
technological and socio-economic features are described in Appendix Ill.iv, Tab.3.3.1-2- 
3. They come from the data collected by interviews based on the questionnaire attached 
in Appendix IILiv (whose field data are provided in the Electronic Appendix): it aims to 
structure the information the farmer can provide in the following terms:
/  technological inputs and labour organization (machinery, chemicals, energy, 
techniques, know-how);
/  socio-economic resources and profile (jobs, capital, costs, income),
/  environmental resource depletion (soil, water, air, biodiversity);
/  cultural aspects (architectural and artistic heritage, traditions, life-style)
This process allows the sixteen olive farms to be grouped in three key-types (described 
in section III. 1.3):
□  Intensive farms (high technological/capital inputs (described in Appendix IILiv , 
Tab.3.3.1);
□  Conventional olive farms (medium-hi eh technological/capital inputs. described in 
Appendix IILiv, Tab.3.3.2);
□  Traditional farms (low technological/capital inputs. described in Appendix IILiv, 
Tab.3.3.3).
4.2.2 Analysis of the Agrarian System
This section describes the methodological approach used to assess the socio-economic 
profile of olive production systems (whose detailed description is provided in Appendix 
IILiv). The scope of this process consists of identifying viable and non-viable production 
systems in the medium-long term in order to shape policy actions.
The analysis measures:
• Economic parameters: costs (including capital invested), subsidies, incomes
• Social parameters: labour and job structure, stakeholders affected.
177
Economic output is measured as gross value added by subtracting from the gross output 
all the input costs, related to the land area cultivated and the eventual livestock forage in 
integrated systems. Costs associated with capital investment depend on the service life 
and annual maintenance costs of each item. The gross income is related to the gross 
value added by deducting rents, taxes and other financial costs, while the net income to 
the farming operation follows by deducting salaries and other incomes and pensions. 
Where the agricultural activity is part of an industrialised economy (which is the case in 
most of the European Union), it is also necessary to take into account the minimum salary 
which can be obtained outside the agricultural sector in this geographical area. Another 
relevant variable to be analysed is the Available Resources of the farmer family, which 
sum up all the economic resources coming from agrarian production and from other 
economic activities.
The social parameters require measurement of labour related to number of hours and type 
of employment, and of numbers and types of stakeholders (in addition to employees) 
affected by the activities under consideration. Jobs, split into permanent and casual, are 
another veiy important variable. Clearly, this approach is applied to the Foreground 
System, i.e. the olive production system; for the Background System, the same detail in 
the data is neither feasible nor necessary. General economic and social data will 
therefore be used to estimate the gross value added, gross income and employment 
generation associated with inputs to the Foreground System. Together, these parameters 
will provide data for Impact Assessment related to financial costs and benefits, 
employment and social welfare at farm level.
Interviews with growers have been the basic method for data collection: as anticipated in 
the previous section, they have to include, for each production system, the inventory of 
socio-economic inputs -i.e number of working hours per type of worker, capital input 
and consumption rate, variable and fixed costs, rent, taxes, credits, pension, subsidies -  
as well as technological inputs —seeds, agrochemicals, machinery, energy- and 
environmental parameters -soil, land, water, biodiversity.
4.3 Discussion and conclusions
All the figures of this chapter are given in Appendix IILiv. The main socio-economic 
parameters identified in the previous section are listed in Appendix IILiv, Tab. 3.1.4.1-2- 
3. For the economic analysis, the most important indicators are the Net Income (NI) and 
Available Resources (AR), which are normalized by Family Work Unit (i.e. FWU): the 
former gives the value of the overall economic performance, while the latter gives the 
overall economic resources associated with the family running the olive farm. The job 
structure is expressed in terms of permanent and casual workers employed (Appendix 
IILiv, Tab.3.2).
In this light, the overall economic performance of olive farms is initially represented as 
Net Income expressed as a function of olive farm types (represented in Appendix IILiv, 
Fig. 1.1). Farms are also grouped according to their size, i.e. small (less than 25ha), 
medium (from 25 to 60 ha) and big farms (more than 60 ha). Their Net Income is
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therefore studied as a function of the number of olive trees, considering groups of Small- 
Medium, Medium-Big and Big farms, (Figure III.3, also in Appendix IILiv, Figures 1.2 
and 1.3).
Figure III.3
Net Income (Nl) associated with olives trees 
by Family Work Unit (FWU) in Small-Medium and Big farms
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Generally speaking, Net Income shows a very high variability, as a function of farm type, 
farm size and number of olive trees. The following general conclusions emerge:
S  Intensive systems are much more profitable than other systems;
S  Conventional systems are less profitable than Intensive but more profitable than 
Traditional systems; one large Conventional system does not fit with this model, due 
to a massive loss of olives through sickness;
S  The increase of Net Income with the cropped area is higher in Traditional systems 
than in Intensive systems, although this occurs within the limited area range 
characterizing Traditional systems. This depends on the subvention system for 
organic production, which is given only for a limited portion of olive cropped land, 
and which benefitted all the traditional systems analysed; on the other hand, Net
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Income expressed in absolute terms is always significantly lower in Traditional 
systems.
S  Net Income increases more with the number of olive trees than with the area, due to 
the different patterns of cropping.
The analysis of the Available Resources (AR) associated with the Workable Area of 
olive farms is shown in Figure III.4 (also in Appendix IILiv, Fig.2.1). It points out that 
AR increases linearly with the size of the cropped area, but this increase shows different 
patterns in Intensive, Conventional and Traditional farm types (shown in Figure III.4 and 
in Appendix IILiv, Fig.2.2).
Figure 1II.4
Available Resources (AR) associated with Workable Area 
by Family Work Unit (FWU) in olive production systems
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Like Net Income, the variable Available Resources is studied as a function of the number
of olive trees (Appendix IILiv, Fig.2.3), and of Workable Area (Appendix IILiv, Fig.2.4),
considering Small-Medium and Big farms. Comparing the figures for Available
Resources with those for Net Income leads to the following general conclusions:
□  the Available Resources associated with all Traditional farms -and more generally all 
small olive farms- are only slightly above the yearly income of one millions Pesetas, 
which corresponds to the minimum established for a family to live with dignity.3 Less 
productive farms need complementary income sources (pensions, part-time work or 
olive oil processing and marketing) to reach this level, which indicates the limit 
below which the farmer family is tempted to shift to more profitable activites. This 
means that only thanks to additional economic resources are less productive farmers 
able to live in marginal areas;
□  the Available Resources of the families running big farms are very much higher than 
those running small and medium farms, as shown in Figure III.5 (also in Appendix 
IILiv, Fig.2.4); clearly, the distribution of wealth is very asymmetric;
□  as usable land is a limited resource for small farms, their Available Resources 
increases exponentially with farm size, while the same figure follows a logarithmic 
pattern in big farms, as they dispose of very large portions of usable land;
□  the Available Resources increase with the number of trees rather than with the 
cropped size; on the other hand, the farm size is a good indicator of the overall 
economic welfare of the fanning family;
□  Big farms are characterized by a much higher level of Available Resources than Net 
Income from olive production: this means that a progressive concentration of wealth 
in big farms permits economic activities more profitable than olive cropping. The 
other driver is the historical as well as socio-cultural profile of the family owning big 
farms, usually the socio-economic and political leaders in Andalusian and Spanish 
society;
□  Big farms are characterized by more diversified complementary income sources 
compared to small farms, e.g. processing, marketing olive oil, thematic tourism or 
activities with no direct dependance on agricultural production.
□  An intermediate behavior is shown by medium-sized farms characterized by low Net 
Income but sufficient Available Resources, coming from marketing their olive oil.
3 See section 4.1, note %
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Figure III.5
From the social standpoint, the overall jobs created in the olive farms are analysed by 
type (Appendix IILiv, Fig.3 and 4). The dependence of number of jobs on number of 
olive trees is analysed for Small-Medium and Big farms (Appendix IILiv, Fig.5), 
distinguishing between permanent and casual jobs (Appendix IILiv, Figure III.6.1-2). 
Finally, as the permanent jobs vary widely from one farm to another, their dependence on 
the workable area is analysed (Figure III.7, also in Appendix IILiv, Fig.7).
Figure III.6
Overall jobs associated with Workable Area of olive production systems
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Figure III.7
Permanent jobs associated with Workable Area of olive farms
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The social analysis shows the following principal features:
S  the different levels of technology and organizational structure make the jobs vary 
significantly from one farm to another. Jobs grow in a logarithmic way with workable 
area as well as with the number of olive trees (Appendix IILiv, Fig3 and Fig.5 
respectively). The progressive substitution of permanent with casual jobs -together 
with that of manpower with technology- takes place as the workable area and olives 
increase. In fact, as this process occurs essentially in Big farms -as shown in 
Appendix IILiv, Fig.5- the number of permanent jobs grows approximately in a 
similar logarithmic way (illustrated in Appendix IILiv, Fig.7);
S  the number of workers does not vary much in small farms, due to the family-run 
pattern and to the work exchange pattern between families of the same village 
community; both allow cost-effective matching of labour demand and supply in the 
most labour-intensive cropping activities, i.e. harvesting. By contrast, big farms needs 
a significant number of casual workers, due the fact that the owner families do not use 
this pattern (Appendix IILiv, Fig.4): as a consequence big farms need higher 
amounts of capital;
S  permanent jobs are created much more efficiently in small than big farms, and more 
in traditional than in intensive systems (Appendix IILiv, Figs.7 and Fig.6.2 
respectively).
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4.4 Overall socio-economic performance of olive farms
Two synthetic indicators are assumed to represent the economic and the job performance 
of Intensive, Conventional and Traditional olive farms:
□  Economic performance, the average value of Net Income by hectare associated with 
the three olive farm types (Figure III.8);
□ Job performance, expressed by the average number of permanent and casual jobs 
generated per hectare in the three olive farm types (Figure III.9).
Figure 111.8
Average economic performance of olive production systems
250
«  200 
I
0 ----------------l il&'.vr.B’ri'i if-'ftwaiij-  - ****" -------------------------------- 1----------------
intensive Conventional Traditional
This analysis leads to the following conclusions (whose detailed data are provided in 
Figures III.8 and 9 (also in Appendix IILiv, Tab.3.3, Fig.8 and 9): 4 
✓ Olive cropped land in Intensive systems is two times and five times more profitable 
than in Conventional and Traditional systems respectively;
/  Jobs generation per hectare is about 2.5 times higher in Intensive systems than in 
Traditional systems, while Conventional systems show intermediate values; most of 
these are casual jobs: in fact, Traditional systems generate 1.5 times more permanent 
jobs per hectare than Intensive and Conventional systems.
4 The same indicators are calculated in section 111.7 for the categories of olive farms analysed in the 
environmental analysis described in the following section III.5. This enables comparison with the results 
from the environmental and cultural analysis.
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Figure III.9
Average job performance of olive production systems
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5. Environmental analysis of olive production
in Andalusia
This section aims to study the overall environmental profile o f the olive oil production 
systems, analysing both global and local impacts.
5.1 Materials and Methods
The methodology used to compare the environmental performance of the different olive 
cultivation systems is the Life Cycle Assessment, introduced in Part I, Section 1.6, and 
explained in more detail in Part III, Section 1.2. The same sample of 16 farms used in the 
secio-economic analysis has been considered (see Section III.5.1.1), and classified into 
three main types and sub-types. Seven farms were selected to represent these categories 
(Section III.5.1.2), and analysed in detail to estimate their environmental profiles 
(Sections III.5.2, 3  and .4, with detailed results given in Appendix III.v, Tables 5.1.15 to 
.23).
As explained in section III. 1.3, experts distinguish between three main types of olive 
farms:
/  Intensive; no soil and biological resource conservationfheavy chemical input;
/  Conventional: partial soil and biological resource conservation/variable chemical 
input;
/  Ecological; total soil and biological resource conservation/no chemical input.
These three types have been further divided according to the high and low-productive 
areas where they are located, i.e. plains and mountains (Appendix III.v, Tab.l and 2), to 
give the seven categories to be analysed:
✓ Intensive-1: the most intensive olive farm in the irrigated lowlands, high productivity;
✓ Intensive-2: the most intensive in the mountains, low productivity;
✓ Conventional bare-soil: the most representative among the Conventional olive farms, 
conventionally tilled, highly-productive;
✓ Conventional vegetal cover, the less representative among the Conventional olive 
farms; highly-productive, using the technique of cropped vegetal cover described in 
Section III. 1.3;
✓ Ecological-1: the most capital intensive, economically efficient and environmentally- 
friendly ecological olive farms, located on the plains and highly productive;
✓ Ecological-2A: the most representative integrated system in the mountains, low 
productivity; only organic fertilizer produced by goats is used, but an additional area 
of spontaneous pasture land is required;
✓ Ecological -2B: the most representative olive-cropping system in the mountains, low 
productivity; organic fertilizer has to be imported from elsewhere.
Primary data for the farm types is given in Appendix III.v.
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5.2 Inventory Phase
All resource inputs and outputs are analysed in the Inventory phase. Their values are 
provided in Appendix III.v, from Tab.5.2.1.1 to 5.2.9, and are classified as follows:
S  RESOURCE INPUT associated with:
-*■ resources required for the production of technological inputs -i.e.energy carriers, 
agrochemicals, machinery and buildings;
-*• the inherent resources -i.e. biotic species, landscape, soil, land, water- associated 
with the place of olive production;
Their use may lead to (i) depletion (negative impact) or (ii) development (positive 
impact) of environmental resources;
/  EMISSION OUTPUT from production and use of technological inputs, leading to 
pollution of environmental resources (negative impact).
5.2.1 Resource Input
Resource inputs are referred to:
BACKGROUND SYSTEM
The analysis must include all the resources required for the technological inputs:
Energy: energy for the production, processing and use of technological inputs required 
for the production process; when derived non-renewable resources, consumption of 
energy depletes the resources of the Background System;
Abiotic resources', the raw materials used for technological input production;
Solid waste: conceptually an emission, it is considered a resource depletion because it 
requires a landfill; accordingly, this depletes the possible uses of land.
FOREGROUND SYSTEM
It is also necessary to include resources which are inherent to the place where the 
production take place -i.e. biotic species and landscape. Those inputs must be expressed 
per hectare:
Land: the occupation of land for olive farming is considered as a depletion of the inherent 
resources of the Foreground System, as well as the ancillary land for livestock breeding 
in integrated systems; in this case, as land participates Vft the productive process as an 
input proportional to the production, it may also be considered per Functional Unit;
Soil: this input is very important in Mediterranean agrarian systems; soil loss is assessed 
as a depletion of the inherent resources of the Foreground System;
Water: as irrigation is not considered in the study, it has not been considered; one 
production system uses sludge from urban wastewaters: nevertheless, it cannot be 
considered a depleted resource as it comes from waste which has no alternative 
productive use;
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Biotic resources (Naturalness): the structure and profile of both flora and fauna species 
and communities; additionally, those \X/lr& higher ecological value are identified; 
Landscape• beyond its inherent aesthetic value, landscape structure and profile are 
pivotal to shape the ecological quality of the mosaic of ecosystems associated with olive 
crops.
These last five input categories are usually not considered in conventional environmental 
analysis of LCA.
5.2.2 Emissions Output
Olive cropping systems produce emissions to air, water and soil, associated with the 
production and use of technological inputs. These emissions must be expressed per 
Functional Unit (more details in Part HI, section 1.2.1):
BACKGROUND SYSTEM 
The emissions from production of technological inputs are assumed to be widespread 
over the whole planet, since these activities can in principle occur anywhere on the earth; 
similarly, the effects of combustion in agricultural machinery are considered to be spread 
over the planet, although the process takes place on the field;
FOREGROUND SYSTEM 
The emissions from use of technological inputs are localised to the Foreground System.
5.2.2.1 Emissions from production of technological inputs
The emissions associated with production and delivery of technological inputs, expressed 
in weight for one hectare and one year, and normalized by the functional unit, i.e. 1000 
kg of olives produced.
The detailed calculation of the environmental burdens associated is given in Appendix 
III.v, Tab.4.10. The production of the following inputs is considered in the Inventory 
phase:
S  Energy;
S  Fertilizers;
S  Pesticides;
✓ Seeds;
S  Machinery 
S  Buildings;
S  Plastic materials 
S  Transport.
Generally speaking, the production of all these inputs produces emissions associated with 
energy consumption. Additionally, the production of some inputs involves other 
emissions, eg. agrochemical production. Electricity is produced basically using non­
renewable energy (fuel, coal and uranium) and only partly on the basis of renewable
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energies (hydroelectric, wind). Only the non-renewable part of energy requirements is 
considered.
Direct energy carriers are used in the production system for their energy content, while 
indirect energies (fertilizers, pesticides, machines, buildings) are assessed on the basis of 
the energy required for their use according to the production inventory. Process energy is 
the energy input required and consumed by a given process to operate within the process 
phase, excluding production and delivery energy, eg. diesel consumption by a tractor. 
Inherent energy is the energy that remains in the prodcut after its production and delivery 
to its site of use. Production and delivery energy is the energy input into the processes 
that extract, process, refine and deliver energy or material inputs to a process. Total 
inherent energy is the sum of inherent energy and of production and delivery energy. 
Total energy is the sum of this last and of process energy. The total energy values 
associated with energy carriers analysed in agricultural LCA are given in Appendix III.v, 
Tab.4.1. The calculations are indicated in Electronic Appendix (data reworked from 
Audsley et al.1997, Appendix, Tab.3).
The detailed data of the emissions associated with the energy canies are provided in 
Appendix III.v (section "Inventory of technological inputs”), while the calculations are 
indicated in Electronic Appendix .
5.2.2.2 Emissions from use of technological inputs
The following inputs and related emissions are considered:
/  Fertilizers;
✓ Heavy metals;
/  Pesticides;
/  Soil organic matter;
✓ Methane;
✓ Combustion, maintainance and demolition of machinery;
/  Maintainance, use and demolition of buildings.
A detailed description of the conceptual framework and calculations carried out to 
analyse the associated burdens is provided in Appendix III.v.
5.2.3 New issues of resource input analysis: biotic resources
The following sections examine the issues of the resource input which have been 
introduced into the LCA analysis as necessary but novel considerations, i.e. Naturalness 
and Landscape.
5.2.3.1 Naturalness: concepts and principles
Traditionally, ecological science interprets the environmental quality of territory by 
assessing the quality of its habitats and ecosystems. This can be done by evaluating the 
inherent content and value of fauna and flora species associated with the ecosystems 
composing the territory, whose richness and diversity constitute the most accepted 
indicators.
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Generally speaking, ecosystems are constituted by habitats with their associated biotic 
communities — i.e. the biocenosis — and can be geographically identified in the territory 
as biotopes. Usually, the ecological value of biotopes depends on the specialization of 
both species and biocenoses (or stenoecia), which define their degree of evolution in 
exploiting the food and habitat resources of a given niche: their ecological quality 
increases with the specialization -or evolution- they have developed. Summarizing, their 
ecological value can be expressed in terms of the degree of habitat specificity and lack of 
man-made disturbance they require to prosper.
The environmental quality of ecosystems depends on their proximity to the climax of 
biotic communities: this represents the state of maximum exploitation of the niches of the 
ecosystem (Bonazzi and Rivella, 1995, pp. 11-12). Usually, this corresponds to the 
maximum degree of complexity, interspersion and integration of the niches, associated 
with the highest possible number of specialist -or stenoecian -  species and communities. 
This state corresponds to one of the possible dynamic endpoints of the evolutionary 
pattern of the ecosystem: this is Naturalness of ecosystems, associated with their 
maximum stability and resistence and minimum integral recovery capability -due to their 
maximum possible complexity- (Bonazzi and Rivella, 1995, pp. 17-27). Finally, this 
concept derives from the extension of the concept of climax to the overall biotic 
community. As we are not dealing with undisturbed systems, the concept of metastability 
(see Text Box 1 of Part I) is more appropriate, as it represents an intermediate state of 
stability between undisturbed natural and man-made systems.
Recent ecological approaches, i.e. the “Landscape Ecology” approach (Forman and 
Godron, 1987; Ellenbergh, and Mueller, 1982; Naveh, 1982, and 1990; Naveh and 
Liebermann, 1987; MacArthur, 1967) tend to integrate the traditional ecological vision 
with the analysis of the importance of the ecological links between different ecosystems. 
Generally speaking, ecological links are important to maintain the flows of fauna and 
flora species between the ecosystems of the biotopes, increasing their resistence, 
complexity and stability (Berthoud, 1989; Forman and Moore, 1992; Ingegnoli, 1993; 
Bonazzi and Rivella, 1995). Similar methods have been proposed to quantify impacts on 
biodiversity from use of land and water (Bluemer and Kylaekorpi, 1998).
Ecological links are usually constituted by hedgerows or wood strips where individuals or 
communities can move without being disturbed by man-made activity. These movements 
are essentially biotic flows, which play an important role in ecosystem dynamics. In fact, 
the biotopes are usually connected by biotic and abiotic flows (nutrients,water, soil on the 
one hand, fauna and flora species and communities on the other) which increase their 
individual resistence to external disturbances and shocks. Biotic flows accelerate the 
evolution of biotopes toward their state of maximum Naturalness and promote their biotic 
recolonization in case of severe shocks, eg. fires, destruction, plagues. Finally, the 
ecological links connect the ecosystems into a web, i.e. eco-tissue (Berthoud, 1989, 
pp.145-147).
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The ecological quality of the eco-tissue depends on:
/  the value of the biotopes it links, which is defined by the ecological value of the 
associated species and communities;
/  the intensity and geometry of the links, which depends on the geometry of the 
ecosystems and of their boundary, and makes them more or less attractive for the 
biotic species crossing them (Bonazzi and Rivella, 1995, pp.7-11).
This is important when we are dealing with environments characterized by a significant 
degree of man-made activity. In fact, it has been shown by many authors (Berthoud, 
1989, pp.25-45; Forman and Moore, 1992; Ingegnoli, 1993; Bonazzi and Rivella, 1995) 
that the equation [biodiversity=environmental quality] is no longer valid if calculated 
merely in terms of number of species and communities in a man-made environment. 
Following anthropogenic disturbance, a significant number of ecological niches is left 
empty by specialist species but is colonized in the short-term by more numerous 
ubiquitous species which do not find efficient stenoecian competitors. Accounting for 
these opportunist species gives the wrong impression of an increased number of species 
and higher ecological quality. On the other hand, the time horizon required by specialist 
species to resettle is much longer. In this light the degree of specialization of species -or 
Naturalness- as well as landscape connectivity is clearly more enlightening that mere 
biodiversity accounting.
In this light, the analysis of Naturalness is structured in two phases:
S  biotic inventory of olive crops, devoted to describe the flora and fauna profile (section 
5.2.3.2);
S  analysis of biotic resources, in which the evaluation of the ecological value of the 
species identified in the Inventory is carried out (section 5.3.1.5).
5.2.3.2 Biotic inventory of olive crops
The previous section has highlighted that Naturalness depends on the ecological quality 
of fauna and flora and on the connectivity between ecosystems.
So far, little attention has been devoted to the environmental quality of olive groves. This 
section aims to study both vegetation and fauna profiles of olive groves. The study of bird 
population can help in understanding the environmental impact of olive crops, as the 
avifauna breed and winter in them. Generally speaking, olive plantations show a higher 
complexity compared with other crops: as most fauna communities proper in a 
structurally complex environment, the tree and herbaceous layer of olive crops are 
identified as pivotal elements to be studied.
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5.2.3.2.1 Flora profile of olive crops
Generally speaking, the flora composition of olive crops is structured in tree and 
herbaceous layers:
Tree layer
Olive groves are classified into four growth stages:
1°. Shrub, up to 8 years old;
2°. Little tree, from 8 to 20 years;
3°. Medium-aged tree, from 20 to 100 years;
4°. Old tree, more than 100 years.
The data corresponding to the farm types to be analysed are assigned on the basis of the 
growth age structure of their olives. Detailed data are provided in Appendix III.v, 
Tab.5.1.25, synthesized in Table III.5.1.
Table III.5.1 Growth age structure of the olives in the analysed farms
Farm type Olive growth stages
Intensive-1 Stage 2° (100%)
Conventional (bare soil) Stage 3° (20%), Stage 4° (80%)
Conventional vegetal cover) Stage 3 (15%)°, Stage 4° (85%)
Ecological-1 Stage 1°(30%), Stage 2° (70%)
Intensive-2 Stage 3° (10%), Stage 4° (90%)
Ecological-2A Stage 4° mountain (100%)
Ecological-2B Stage 4° mountain (100%)
Source: field data (high productive crops are shaded)
Herbaceous layer
Conventional tillage and pesticides limit the presence of this layer from November to 
March. Detailed data on the vegetal biomass of the herbaceous layer are given in 
Appendix III.v, Tab '7.45. Other practices in conventional and intensive cropping are 
used to eliminate the herbaceous layer and to compact the soil before harvesting (Munoz- 
Cobo, 1987, pp.30-37).
Due to these practices, whose purpose is to destroy this layer under-storey vegetation 
changes continually in olive groves. The most common species are generalist weeds, 
ruderals and nitrophilous (selected by fertilizer application), whose abundance depends 
on the moment of the mechanical or chemically treatment. Although about 320 weed 
species have been identified in Andalusian olive groves, few of them -from 4 to 78 
species- are considered strictly associated with olive groves and related to pesticide use 
(Saavedra and Pastor, 1996).
The full flora inventory of olive crops is provided in Appendix III.v, Section 4, with 
further details in Tab.5i.2i,. Several parameters are considered to assess the biological
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value of flora species, whose presence varies through the cropping year due to cropping 
practices. This is expressed in the indicator Presence of Floristic Species (PFS).
Accordingly, the following parameters are considered for flora species:
✓ Presence o f Floristic Species: gives the ecological value of a species, expressed by 
the product of its relative frequency -i.e. typicalness, given by average presence of 
the species in Andalusian olive crops- and its period o f presence, expressed by the 
share of the cropping year when the species is present in the olive crop;
✓ Biomass, expressed by the overall vegetal mass of the herbaceous layer.
5.2.3.2.2 Fauna profile of olive crops
5.2.3.2.2.1 Bird communities
Bird: communities are considered as good environmental indicators, as their structure 
and abundance describe the state of naturalness of the environment where they live. 
Additionally, scientific evidence has demonstrated that due to man-made activity, the 
overall density of specialist bird species in andalusian olive crops suffered a 69% drop 
from 1977 to 1983 (Munoz-Cobo, 1990, pp.99-113), while the same figure for the good 
ecological indicator serin (Serinus serinus) is even worse: the comparison with other 
olive crops, e.g. old olive plantations in Greece, confirms these results (Munoz-Cobo, 
1990, pp. 116-117). This is a further justification for using bird populations as indicators 
of the environmental quality. In the same light, birds have been recently identified by UK 
government as one indicator of the quality of life.
Intensive and conventional olive groves are characterized by two vegetal layers 
(arboreous and herbaceous), with low richness of species and dominance of some few 
species, typical of monocultures. By contrast, ecological mountain crops provide crops 
with vegetal covers and hedgerows, which are more attractive for many bird species.
Habitats influence deeply the profile of bird communities. Among breeding communities, 
forest species -more specialist- depend on the structural complexity of the olive crops, 
whose average richness and density increase more significantly with the age of the trees, 
while steppe species -more generalist- depend solely on the presence of the herbaceous 
layer. Food habits also influence bird communities: fruit-eating and seed-eating species 
dominate in monoculture olive crops, while insect-eating species -the most specialist- 
predominate in ecological mountain crops. Seed-eating species of the breeding 
community prefer olive groves provided with abundant herbaceous layers; wintering 
seed-eating species prefer lower density and younger olive groves, while wintering fruit- 
eating species prefer older olive groves (Munoz-Cobo, 1987, pp.228-231). In this light, 
structural complexity, specific richness and population densities increase from intensive 
to ecological olive crops, mostly due to the presence of spontaneous vegetal cover 
together with hedgerows. Within the breeding community, two species dominate, i.e. 
serin (Serinus serinus) and greenfinch {Carduelis chloris), following a similar pattern 
identified in Greek olive crops (Munoz-Cobo, 1990b, ppl02-107). Within the wintering
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community, characterized by a higher degree of specific richness than in monoculture 
olive crops, song thrush (Turdus philomelos) and blackcap (Sylvia atricapilla) dominate.
The observation of bird species was carried out by students and scholars of the University 
of Jadn of the team of Professor Munoz-Cobo, who kindly accepted to collaborate to this 
study. Data collecting was done at dawn each 20 minutes along a 25 meter wide transect 
Data collected are integrated with literature and expert interviews. The observations have 
carried out in four olive crops of different growth stages -described in Section 
III.5.2.3.2.1- and in one ecological mountain olive crop provided with hedgerows. 
Generally speaking, bird diversity and richness increases with olive growth stages 
described in Section III.5.2.3.2.1 (Munoz-Cobo, 1987, pp.25-48).
Breeding bird community
Species detected in the main belt of the transect are considered, disregarding those which 
do not use this habitat for breeding. The following indicators are used to analyse them:
Density, the overall number of individuals of a given species;
Richness, the number of species detected;
Equitability, the degree of diversity measured as function of the number of species;
Diversity, which relates the degree of diversity of species with their relative abundance;
Barycenter, measures the growth stage preferred by a given species;
Habitat width, gives an idea of the number of the growth stages preferred.
Detailed description and values of these parameters for breeding birds is given in 
Appendix III.v, Tab.5.1.26.1-2-3.
The analysis shows that olive crops provided with vegetal covers have with 260% higher 
densities of breeding birds compared with bare soil (Munoz-Cobo, 1987, pl51). Similar 
results have been given by other authors for some single species with game interest, 
particularly red-legged partridge (i.e. Alectoris rufa, Duarte et al.t 1997; Vargas and 
Cardo, 1996; Vargas, 1996).
Wintering bird community
Generally speaking, Spanish olive crops are important wintering grounds for northern 
bird species, e.g. thrushes, blackcaps, robins, chaffinches. Although transaharan species 
are dominant in wintering communities, they do not damage olives as they arrive at their 
winter grounds after the early table olive-picking (September-October).
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Wintering birds were identified both visually and by song recognition. This method 
allows more bird species to be identified, but does not associate all of them with any 
olive growth stage,as it is not possible to identify clearly in which part of the olive crop 
the bird is singing. As data for wintering birds are not available for growth stages, a 
bigger uncertainty is expected. Accordingly, an extrapolation has been carried out: the 
density for each wintering species is calculated by multiplying the average density in all 
stages by the average species population of each growth stage. Detailed data are given in 
Appendix III.v, Tab.5.1.27-28-29/
5.2.3.2.2.2 Arthropod communities
Macro- and micro-arthropods have been investigated by sampling of a broad range of soil 
conditions and management strategies reflecting the farm types to be analysed. The 
following methodology has been used:
• Macroarthopods have been measured by random trapping, about 16 traps each 300 
square meters; the average density detected by each trap is therefore referred to 20 
square meters;
• Microarthropods have been measured as density of individuals by trap, each one 
referred to one square meter (Castro, Campos and Pastor, 1996).
From the analysis the difference between systems provided with bare soil and vegetal 
covers is apparent. Hymenoptera -basically ants- dominate Macroarthropods, while 
Carabids dominate Coleoptera, highly mobile predators whose potential as eco-indicators 
is evident. Detailed data expressed by hectare are listed in Appendix III.v, Tab.5.1.31.
5.2.4 New issues of resource input analysis: landscape
Generally speaking, landscape can be represented by a patchwork of different habitats, 
each one associated with ecosystems or man-made environment. The objective of this 
section is to analyse the agro-ecological landscape, composed of ecosystems (e.g. 
hedgerows, spontaneous woodland) and agri-ecosystems (e.g. planted woodland, 
orchards, olive groves). The structure and geometry of this landscape, i.e. the ecomosaic, 
influences strongly the biotic flows between ecosystems (Forman and Godron, 1986; 
Ingegnoli, 1993, pp. 11-17; Naveh, 1992, pp.48-58), which allow both recolonization and 
evolution of local populations: the more ecologically complex is the landscape, the more 
resistant are its biotic communities to external perturbations.
Accordingly, the inventory of landscape profile aims to identify its constitutive elements, 
such as hedgerows, spontaneous woodland, natural micro-environments. As they 
contribute to diversify and strengthen the ecological quality of olive groves, their 
assessment is treated in the Impact assessment phase (section 5.3.1.8). Additionally, the 
visual diversity of lanscape, whose function is essentially aesthetic, has to be considered.
In this light, two type of connections between habitats are considered, visual link -with 
only aesthetic functions-, and the real link between different habitats -whose function is 
essentially related to biotic flows. Details are provided in Appendix III.v, Tab. 5.1.32.
 ^ XxBickl ^ Ite W ^
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Additionally, a schematic representation of the landscape structure of the different farm 
types is provided in Appendix III.v, Fig. 1 -2-3-4-5-6-7.
5.3 Impact Assessment phase
This phase comprises classification, categorization and evaluation steps.
The resource inputs and emissions identified in the Inventory Phase (Section 5.2) give 
rise to the following impacts, classified in the following way.
□  DEPLETION and DEVELOPMENT of environmental reources:
□ resource depletion (negative impact), expressed per Functional Unit;
□ resource development (positive impact), associated with the inherent resources of 
olive groves and expressed per hectare;
□  CONTAMINATION of environmental reources, expressed per Functional Unit.
The following pattern is used to analyse the impact categories to be taken into account in 
the present study (Figure III.5.1).
Figure M.5.1 Issues considered in conventional LCA and proposed LCA__________
Resource depletion____________ Pollution_______________________ Disturbances
Energy consumption * Global warming* Desiccation
Abiotic resource* Ozone depletion* Direct victims
Soil Loss Ecotoxicity*
Solid Waste Human toxicity*
Biotic resources Photochemical oxidant
formation*
Acidification*
Land use Eutrophication*
Water use Radiation
Physical ecosystem degradation Dispersion of heat 
Landscape degradation Noise, Smell, Working Conditions
Source: data reworked and reformulated from Cowell, S., 1998.
^Categories most commonly included in LCA. In italics are indicated the new impact categories which will 
be studied in this research. Highlighted are the categories considered in detail in the present study.
By analogy with thermodynamic concepts, some impacts are considered "extensive", as 
they result directly from the production activity and usually increase with it: accordingly, 
they are expressed by Functional Unit (FU, i.e. 1000 kg olives produced yearly). These 
extensive impacts are Energy Consumption, Greenhouse Effect, Abiotic resource 
Depletion, Photochemical Smog, Acidification, Eutrophication, Ecotoxicity, Human 
Toxicity, Solid Waste generation and Water Use. On the other hand, other impacts are 
defined as "intensive" as they are independent of the production and reflect essentially the 
characteristics of the inherent environmental resources associated with the Foreground
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System where production takes place; accordingly, they are expressed by hectare. The 
intensive impacts are Biotic Resources, Landscape, Soil Loss, Land Use.
O/Uvf' (§£8, p 2 ♦
5.3.1 Depletion and development of environmental resources
This section aims to identify the negative and positive impacts related to the depletion 
and development of the environmental resources associated with olive crops.
5.3.1.1 ENERGY CONSUMPTION (EC)
Energy consumption evaluates the energy-intensity of the overall production system. 
Accordingly, it can be interpreted as resource depletion if it comes from non renewable 
resources, and is expressed in MJ per Functional Unit.
5.3.1.2 SOIL LOSS (SL)
Although Soil Loss may be interpreted as an emission of the olive production, it is more 
appropriate to be considered as a depletion of the inherent resources of olive groves. In 
fact, soil constitutes the basis for all agricultural productions: accordingly, it is expressed 
per hectare.
5.3.1.3 SOLID WASTE (SW)
According to the explaination of section 5.2.1, this category is to expressed in kg by 
Functional Unit.
5.3.1.4 ABIOTIC RESOURCE DEPLETION (AD)
This category concerns the extraction of materials such as ores and energy carriers, faster 
than they are created, and is expressed per Functional Unit. In agricultural production, 
metal consumption is negligeable compared with fossil fuel consumption (Audsley et al., 
1997, pp.64-68),5 and the analysis therefore concentrates on energy.
Following conventional approaches, depletion is assessed as some ratio of use in relation 
to total reserves or extraction rates. However, due to the difficulties in obtaining accurate 
estimates (illustrated in Appendix III.v, Tab.6.4.1.1), another approach is considered 
here, i.e. hypothetical closure of the life cycle (Audsley et al., 1997, pp.64-67). Following 
this methodology, the essential problem associated with resource depletion is the fact that 
future generations will have at their disposal less resources and material than the present 
generations, but nevertheless they will have to satisfy their needs somehow. Accordingly, 
this approach starts from the premise that the substitution of one resource for another will
5 The basic assumption is thart about 5000 kg/ha dry matter with a heat value of 18.5 MJ//kg produces 
92500 MJ/ha/year, corresponding to an area of 0.1 square meters per year/MJ of primary wood. Assuming 
an estimated efficiency for charcoal transformation of about 50%, this leads to a value of 0.2 square meters 
per year/MJ of primary wood. Accordingly, the main limiting factor should be assumed the availability of 
forest-able land surface.
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be possible in the future thanks to new technology: metals can be extracted from 
recycling, making the production system a full life cycle (Weidema, 1993). Estimates are 
given in terms of energy requirements, and are hypothesized in terms of biomass energy 
-  expressed in equivalent of yearly energy-cropped wooden area.
5.3.1.5 BIOTIC RESOURCE (BR)
Little attention has been given so far to this category in conventional LCA studies, as 
current methodologies are unsatisfactory due to the lack of knowledge concerning the 
processes dynamics characterizing the biotic sphere. Accordingly, a specific analysis is 
developed, based on the concept of Naturalness examined in Section III.5.2.3.1; i.e. the 
Index of Ecological Quality of Biotic Resources (BR). It is structured by two sub­
indexes, referred to the ecological quality of flora -i.e. Vegetation Index of Ecological 
Quality (VEQ)- and of fauna -  Fauna Index of Ecological Quality (FEQ), according to 
the following formula:
BR = VEQ + FEQ
Several parameters are considered to structure VEQ and FEQ, indicated as follows:
□  Biomass (BIO): the overall vegetal organic matter coming from the herbaceous layer 
of olive crops available in the food chain, regardless of the ecological quality 
associated with flora species. Generally speaking, the vegetal biomass varies strongly 
according to the agricultural practices. The parameter BIO is expressed in as the 
average biomass per hectare (tons/ha) in olive crops.
□  Density (DEN) of fauna populations:by analogy of vegetal biomass, DEN measure 
assesses the number of individuals of a given species, representing the organic matter 
available in the food chain (Weiss and Stettmer, 1991); for instance, DEN for birds is 
calculated in number of individuals by 10 hectares and one hectare (whose values are 
listed in Appendix III.v, Tab.6.4.5), while DEN for Micro and Macroarthopods is 
expressed in individuals per hectare and per family.
□  Diversity (DIV): the degree of diversification, equilibrium and abundance 
characterizing flora species, which change over the cropping year. In fact, flora 
species of the herbaceous layer do not remain in the olive rows over the whole year: 
accordingly, the average abundance is considered, expressed by the Presence of Flora 
Species (PFS indicated in Appendix III.v, Tab.5.1.24). This parameter expresses the 
differentiation of vegetal communities over different periods of the year (Appendix 
III.v, formula 2);
□  Sensitiveness (SEN): for flora species, this measure assesses their vulnerability within 
their niche (ECOPLAN, 1992, pp. 15-37; Bonazzi and Rivella, 1995, pp.25-38); this 
depends on sensitiveness of species to the environmental stress, defined by pH, 
humidity, soil organic matter, light (i.e. "internal factors" sensu Landolt 1977),
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competition and man-made pressure ("external factors" sensu Grime, 1988). Data are 
available for a limed number of species (Appendix III.v, Tab.6.4.2). For other flora 
species, SEN is given by the capacity to attract and feed beneficial insects, such as 
hoverflies and/or chrysopids, which are good indicators of environmental quality 
(Weiss and Stettmer, 1991).6 Detailed data are provided in Appendix III.v, Tab.6.4.3. 
By analogy, SEN measures the state of vulnerability of fauna species to 
environmental degradation and/or stress. It indicates how much fauna species are or 
can be affected by man-made activity -eg. agricultural practices, habitat destruction 
or alteration, toxicity of agrochemicals- which may change their population size, 
structure and behavior. The values of PBD for birds are assessed by experts on the 
basis of the eco-ethological profile of species (illustrated in Appendix III.v, Tab.6.4.4 
and following Text Box). The values of PBD for arthopods are estimated by experts 
on the basis of the sensitiveness to soil quality, biomass and water associated with 
each family.
□  Biodynamic Potential (PBD): this measure assesses the specialization and uniqueness 
of single species, which define their value as ecological indicators, assessed by 
experts. Generally speaking, PBD for vegetation is calculated as the average value of 
the SEN of individual flora species multiplied by the fraction of the year in which 
they are present, which is expressed by the Presence of Flora Species (PFS) 
illustrated in Chapter 5.1.9.3. Details are given in Appendix III.v, Tab.5.1.24, 
Formula 3 and 4. By analogy; PBD measures the degree of specialization of fauna 
species in their ecological niches. Literature, expert interviews and the Red List are 
considered.
5.3.1.5.1 Vegetation index of Ecological Quality (VEQ)
This index aims to identify the ecological value of flora species and vegetation 
communities associated with the olive agri-ecosystem. It has been set up on the basis of 
the weighted average between three parameters, biomass (BIO), diversity (DIV), 
biodynamic potential (PBD), where weights -w l to w3- are given by experts. Detailed 
analysis is given in Appendix III.v, Section Biotic Resources, Formula 1, summarized as 
follows:
VEQ = f  (BIO, DIV, PBD)= wl BIO + w2 DIV + w3 PBD
5.3.1.5.2 Fauna Index of Ecological Quality (FEQ)
This index aims to identify the ecological value of fauna associated with olive groves. 
Breeding and wintering bird communities, Micro and Macroarthropod communities are
6 There are typically twice as many weed species in ecological crops than in conventional crops: these 
weeds support up to 40% of the carabid fauna — which are good environmental indicators— in cereal crops 
(Frieben, 1997), and up to 100% in olive crops (Castro, Campos and Pastor, 1996, pp.560-566). The main 
weed species offer pollen and nectar to beneficial visiting insects (e.g. Syrphidae, Chrysopidae, 
Hymenoptera, Coccinellidae), augment the fertility of ladybirds, hoverflies, chrysopids and parasitoids 
hymenopterans.
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taken into account, as they provided ecological information on both herbaceous and tree 
layers. Like the VEQ examined in the previous section, FEQ is the weighted average of 
three parameters, i.e. density (DEN), sensitiveness (SEN) and biodynamic potential 
(PBD), where weights -w l to w3- are given by experts. FEQ is calculated for birds and 
arthropods, and therefore is weighted to reflect their value as ecological indicators 
corresponding to different positions along the food chain. Details are provided in 
Appendix III.v, section Biotic Resources, Formulas 5-6-7-8-9-10, summarized as 
follows:
FEQ = f  (DEN, SEN, PBD)= wl DEN + w2 SEN + w3 PBD
5.3.1.5.2.1 FEQ for bird community
The parameters making up the FEQ for bird communities are based on literature and 
expert evaluation. The parameters Density (DEN), Sensitiveness (SEN) and Biodynamic 
Potential (PBD) are considered, whose detailed description is provided in Appendix III.v, 
Formula 11-12 and Tab.6.4.6.
The values are given by experts on the basis of the ecological considerations provided for 
breeding and wintering communities in Appendix III.v, Tab.6.4.4 and following Text 
Box. Although some bird species are common to both communities, their ecological 
value is different, according to the different roles in the ecosystem. In fact, it is possible 
to summarize the following considerations:
□  breeding species are more sensitive to the structural complexity of the olive crops; 
steppe species are more affected by the presence of herbaceous layer while forest 
species are more affected by the tree density and age; accordingly, both are usually 
good environmental indicators;
□ wintering species are more affected by the complexity of the tree layer by the 
herbaceous layer structure and agricultural practices; accordingly, their value as 
ecological indicator is low;
□ the previous considerations are strengthened by the fact that fruit-eating species, more 
numerous in the breeding community, prefer oldest and undisturbed olive crops, 
while seed-eating, dominant in wintering communities, prefer man-made environment 
associated with open areas and youngest olive crops.
5.3.1.5.2.2 FEQ for Arthropod community
The values of density (DEN) are expressed in individuals per hectare and per family, 
while the value of PBD (defined in section 5.3.1.5.2) is estimated by experts on the basis 
of the sensitiveness of arthopods to soil quality, biomass and water associated with each 
family. For doing that, the following considerations are taken into account:
Coleoptera (Carabids especially) and Arachnids are the most sensitive 
macroarthropods to environmental quality, as they prosper only where water and food 
-other arthropods mainly- are abundant;
** Hymenoptera and other insects are more generalist;
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■* Colembola and other insects are the most sensitive microarthopods to water and food 
resources;
*► Astigmada, Oribatida and other Acara are more resistent and generalist, as their 
dietary systems are based on detrivorous and/or micophagous patterns;
Mesostigmada are characterized by a high sensitiveness to environment, as their niche 
as predators of other microarthropods make them highly specialized.
Detailed data for the calculation of FEQ are provided in Appendix III.v, formulas 12.1-2 
and Tab. 6.4.7.
5.3.1.6 LAND USE (LU)
4s described in section 5.2.1, land use is considered a resource depletion and is expressed 
per hectare, as it involves the occupation of territory: in fact, since land is a limited 
resource, its use for olive production impedes alternative uses, /kwevev} L-0 
i (J^r p),
53.1.7 WATER USE (WU)
In Andalusia, water use for irrigation causes important impacts by lowering the table 
waters. Nevertheless, as olive production system uses dry farming practices -with the 
exception of the intensive system which is irrigated by treated sludge from urban 
wastewaters- water use is not taken into account.
If irrigation becomes important in olive cropping, the following approach can be used: 
specific attention should be paid to the total use of surface and groundwater with respect 
to total water supplies in a particular region, as well as the temporary versus permanent 
removal of water from sources. Accordingly, water use is divided between ground and 
surface water use, temporary and permanent removal.
The total water use is considered according to the following equation:
Use of water= W/R
where
W= total quantity of water used in the system excluding rainfall (m3)
R= average annual rainfall in cropped area (m3/ m2/year)
This calculation gives the additional area required to supply the water required by the 
system under analysis.
5.3.1.8 LANDSCAPE DIVERSITY (LD)
As described in sections 5.2.1 and 5.2.3.1, landscape is assumed to fulfil aesthetic and 
ecological functions. In this light, the main principles of landscape ecology (Ingegnoli, 
1993, pp.45-48; Forman and Godron, 1981, pp.733-735; Forman and Moore, 1992, 
pp.236-240), are applied to evaluate landscape diversity and connectivity: the former 
parameter measure the diversification of the habitats associated with olive crops, while
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the latter measures the pattern connecting them (details are given in appendix III.v; 
Formulas 13 and 14), measured as the the ratio between the existing "links" between the 
habitats and their theoretical maximum number.
5.3.2 Pollution of environmental resources
This section aims to identify the negative impacts related to the pollution of 
environmental resources associated with olive crops.
5.3.2.1 GLOBAL WARMING and GREENHOUSE EFFECT (GE)
An increasing amount of carbon dioxide in the earth’s atmosphere leads to an increasing 
absorption of radiation and consequently to an increase in temperature. This is referred to 
global warming, to which mainly C02, N20 , CH4 and aerosols contribute.
The evaluation of global warming has been carried out using the Global Warming 
Potentials (GWP) proposed by the International Panel on Climate Change (Houghton et 
al., 1992; IPCC, 1994a-b) which are assumed as Impact Assessment factors for this 
category. They describe the radiative forcing of different global warming gases relative to 
that of carbon dioxide, incorporating the absorption properties of the gases and their 
lifetimes. The time horizons considered for relevant gases are of 20, 100 and 500 years: 
the first horizon emphasises the contribution of CH4, the second that of C02 , the third 
that of CFC aerosols. Detailed data are listed in Appendix III.v (Tab.6.5).
5.3.2.2 STRATOSPHERIC OZONE DEPLETION (OD)
Ozone depletion results from the emission of gases which damage the earth’s ozone 
layer. This leads to increased harmful ultraviolet radiation. Like the previous category, 
Ozone Depletion Potentials (ODP) are considered for assessing ozone depletion in LCA, 
given by the World Meteorological Office. They give the ozone destruction potential of 
chlorinated and brominated compounds relative to that of CFC-11, assuming an 
equilibrium state in the stratosphere. On the other hand, these potentials ignore 
compounds such as CH4, N20 , CO, non-methane hydrocharbons and carbonyl sulphide, 
because of the complexity of the processes by which they contribute to ozone depletion. 
As the quantities of compounds contributing to this category are negligeable, this impact 
has been considered not significant in this study.
5.3.2.3 ACIDIFICATION (AC)
Acidification is the result of emitting gases which damage the wider environment by 
combining with other molecules in the atmosphere and returning to the surface as acid 
rain. It is measured as kg of S02 equivalent, following the methodology set up by the 
CML (Guinee, J.B., et al., 1996). However, the magnitude of the effect is influenced by 
the amount of other molecules available, low for rural areas and high in industrial areas. 
Gases emitted from agriculture are mostly in the former categories, while those coming 
from input production are mostly associated to the latters. More details on this 
methodology can be found in Appendix III.v.
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5.3.2.4 PHOTOCHEMICAL OXIDANT FORMATION and PHOTOCHEMICAL 
SMOG (PS)
Reaction of NOx, with volatile Organic Compounds (VOCs) leads to photochemical 
oxidant creation under the action of ultraviolet light, which causes smog. This approach 
assumes that ozone is representative of all oxidants that may be formed due to release of 
different substances. Photochemical Oxidant Creation Potentials (POCP) are therefore 
utilized as Impact Assessment factors, and define the change in ozone concentration due 
to a small increased release of a substance in relation to that caused by a small increased 
release of ethylene. Two concerns are the background NOx concentration as well as the 
time horizon. This approach assumes nine days which is very long, whereas one day 
timescale would be relevant for only very local effects and more relevant to 
Environmental Impact Assessment than to LCA approach. Accordingly, four, nine and 
eleven days horizons have been considered.
Furthermore, the NOx concentration in the air differs from one country to the other (for 
instance ambient concentration in Scandinavia is lower than in the UK) and emissions 
from farms are likely to be in low NOx areas, while emissions from input supply 
industries are primarily in high NOx areas. As little agreement has been reached on this 
issue, the following approach has been assumed. Relevant substances are basically 
Volatile Organic Compounds (VOCs), whose action depends on the presence of NOx 
compounds and ultraviolet light. Carbon monoxide may also contribute to the formation 
of ozone.
Different scenarios have been explored, depending upon the assumed background 
concentrations of NOx, whether maximum and minimum values are used in calculating 
the factors, and the time period used in assessing ozone formation:
(i) Minimum contribution (using lowest POCP values);
(ii) Maximum contribution (using highest POCP values);
(iii) Four-day average under Swedish conditions, that is with low NOx background 
concentration;
(iv) Four-day average with high NOx concentration.
The preferred values have been taken as the extreme values of the overall set.
It is also desirable to measure the contribution of NOx to POCP, as it is more important 
than VOCs in determining ozone production in many parts of Europe. Accordingly, NOx 
is measured as "kilogrammes NOx" calculated as a separate sub-category in addition to 
the above approach, and weighted to the VOC value. Estimates are also made for CO and 
of CH4 . The values are added to give the total VOC-equivalent value for POCP. 
Detailed data are given in Appendix III.V, Tab.6.7.
5.3.2.5 EUTROPHICATION (EU)
This category concerns the emissions of nutrients, mainly via water but also to the air, 
which thereby find their way to other ecosystems and affect their relative growth patterns. 
This may lead to undesirable shifts in the number of species in ecosystems and thus to a 
threat to biological richness, quality and diversity. The main nutrifying elements are
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nitrogen, phosphorous and organic matter, which is equivalent to fertilizer application. 
Both terrestrial and aquatic nutrification should be considered. More details on the 
methodological approach can be found in Appendix III.v.
5.3.2.6 HUMAN AND ECOLOGICAL TOXICITY (HT and ET)
Several aspects should be considered in evaluating these categories: (i) the effect of a 
given substance, (ii) its fate, (iii) the influence of background conditions, (iv) the 
geographical and time horizons. Since there is no consensus over the best approach to 
incorporate these issues into LCA (Cowell, 1998, p23), and because of the complexity 
and lack of detailed understanding of these impacts, they have estimated for human 
populations and for ecosystems as a whole. The Impact Assessment factors use the data 
available for humans on the one hand, and on the other for the most studied algal and fish 
species as well as for the genus Daphnia.
Many uncertainties affect the several methods screened by Cowell (1998), who 
underlines the high variability of values given for Impact assessment (i.e. LA) factors 
(Audsley et al., 1997, pp.72-84). As a consequence, toxicity is considered firstly for the 
Background System, i.e. the planet, as the exposure of humans and ecosystems to toxic 
substances through water, air and soil especially through the food chain, and which are 
calculated by the IA factors given by Heijungs et al. (1992a).
On the other hand the site-specific effects of on-farm releases of substances are 
considered — coming basically from fertilizers and pesticides application as well as from 
the combustion emissions— and related with the category of biotic quality. The 
estimation of transfer of heavy metals and pesticides to air soil and water or food has 
been analysed in Audsley et al., (1997), but no agreed approach has yet emerged. 
Nevertheless, there is general agreement that fate issues are pivotal, since the effects of 
pesticides residues through food are assessed about 5-6 orders of magnitude larger than 
by transport in drinking water, and 4 orders of magnitude larger than by inhalation 
(Heijungs et al., 1992a).
Detailed data for toxicity thresholds are given in Appendix III.v, Tables 6.1.1-2-3 for air, 
water and soil emissions and in appendix III.v, Tab. 6.2 for pesticide emissions. The 
calculation of toxicity for pesticides needs to state some previous assumptions. Following 
the indications given in Chapter 5.1.5, 20% of the pesticides from spray application are 
assumed to remain in the air, while the remaining 80% reaches the soil. No emissions to 
water are considered.
5.3.3 Valuation
Impacts are measured as functions of their absolute values with different units (eg. yearly 
hectares, VEQ, GW20), and are therefore not directly comparable without expressing 
them in relative terms. For this purpose, impacts are normalized to the minimum value 
each assumes within the set of all the production systems: in this way, each impact 
associated with a given olive production system is expressed as the relative performance
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of the production system with respect to the minimum impact over all the production 
systems.
In the light of the discussion on sustainable development developed in Part I, section 1.7, 
all the impacts are considered equally important: accordingly, the average value of the 
relative performances of all the negative and all the positive impacts associated with olive 
production systems are calculated separately: they are two overall different negative and 
positive indicators which represent the average negative and positive performance of 
olive production, which can therefore be summed to verify if they are balanced (more 
details in section 5.5, Table III.5.3 and Fig.HI. 14).
In fact, in Part I section 1.1 and Text Box 1, it has been shown that sustainable 
development can be chosen at different levels, which depend on which degree of 
environmental quality is chosen by society, which reflects the degree of disturbance from 
man-made systems. Clearly, each level of environmental quality is associated with a 
particular range of man-made pressure: when both are in equilibrium they define the 
conditions for sustainable development, called "metastability" (Part I, Figure 1.2). In this 
light, environmental sustainability of olive production systems is assumed when the 
overall balance between positive and negative impacts -here expressed in terms of 
relative performance, as they express the diverse impacts associated with different 
production systems- is at least zero: summarizing, the system is sustainable only if the 
two overall different negative and positive indicators are balanced.
5.4 Discussion
In this section the environmental analysis is carried out for the olive production systems 
identified in Section III.5.1, grouping them into high and low productivity clusters, 
assuming 1000 kg olives as the Functional Unit (Table III.5.2, more details are given in 
Appendix III.v, section Critical Volume and Problem-oriented approaches, Tables from
7.1 to 7.11).
Table IU.5.2 Olive production systems: main features
Production
system
Intensive-1 Conventional Ecological-1 Intensive-2 Ecolog.-2A Ecolog.-2B
Geomorphology lowland moderate plain, very mountain steep hills, steep hills,
hilly slopes moderate mountain mountain
hilly slopes
Production per High High Low Medium Low Low
tree (38.5) (38) (11) (20) (8) (8)
(kg/tree)
Yield or Land Veiy High Medium- High Very Low Very Low Very Low
Productivity (5190) High (3040) (4000) (743) (800) (800)
(kg/ha)
Source: data reworked from Appendix III.v, Tabs. 1-2. High productivity olive farms are 
shaded.
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The following set of figures is provided to represent the impact categories analysed:
v' Energy Consumption and yield (Appendix III.v, Fig.8);
✓ Solid Waste (SW) and Soil Loss (SL) (Appendix III.v, Fig.9);
S  Abiotic resource Depletion (AD), Land Use (LU) and Water Depletion (WD) 
(Appendix III.v, Fig. 10);
S  Greenhouse Effect (GE) (Appendix III.v, Fig. 11.1-2).
S  Acidification (AC) (Appendix III.v, Fig. 12).
S  Photochemical Smog (PS) (Appendix III.v, Fig. 13.1-2).
S  Eutrophication (EU) (Appendix III.v, Fig. 14).
S  Human and Ecological Toxicity (HT and ET): Air, Water, Soil and Pesticides 
(Appendix III.v, Fig. 15.1-2-3-4-5).
S  Biotic Resources (BR) (Appendix III.v, from Fig. 16.1 to Fig. 16.14). 
v' Landscape Diversity (LD) and Landscape Connectivity (Appendix III.v, Fig. 17).
Energy Consumption (EC, Appendix III.v, Fig.8.1 and 8.2) is highest in Intensive-2, 
Conventional and Ecological-2A/B systems, due to the energy requirements of the 
technological inputs. This depends on (i) yield and (ii) consumption of technological 
inputs (mainly machinery): the former is very low and the latter very high in Intensive-2 
system especially, which is clearly the least efficient -respectively 15 times less than 
Ecological-1 and 10 times less than Intensive-1. Intermediate values are observed for 
Conventional and Ecological-2A/B systems.
Soil Loss (SL, Appendix III.v, Fig.9) is a very important discriminant of the 
environmental performance of olive cropping systems. Vegetal cover is pivotal, as it 
provides up to 200 times more efficient soil protection than bare soil. Both Ecological 
and Conventional systems croppped with vegetal covers protect totally soil layers even 
on steep slopes, cutting drastically soil run-offs to less than 1 ton per hectare yearly. This 
is very important also from the socio-economic standpont- 100 to 200 tons of soil lost per 
hectare reduce both soil fertility and productivity by 20% over the medium-term (15-20 
years), therefore requiring a corresponding additional input of fertilizers to maintain the 
same production.
Abiotic Resource Depletion (AD, Appendix III.v, Fig. 10) follows the pattern of Energy 
Consumption (EC, Fig.8), as it depends strongly on yield and consumption of 
technological inputs, machinery essentially: accordingly, AD also shows the degree of 
overmechanization of farming systems. Intensive-2 system is the most impacting, 
depleting up to 10 and 15 more abiotic resources than Intensive-1 and Ecological-1 
systems respectively, while Ecological-2A/B and Conventional systems show 
intermediate values.
Land Use (LU) is expressed by hectare as it is considered an inherent resource of the 
place where production takes place. In this light, all the systems use the same land area 
except for Ecological-2A, which requires one additional hectare of pasture land for each 
hectare of olive crop to produce organic manure and livestock products. Nevertheless, the 
additional area displays functions that go beyond mere olive and livestock production
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-eg. aesthetic function, reservoir of biotic resources, stepping stone for biotic flows-, 
which are considered in the categories "Biotic Resources” and "Landscape". On the other 
hand, Land Use can also be considered as a productive input, and is expressed per 
Functional Unit: therefore low productivity systems -Intensive-2 and Ecological-2 
systems- are the highest consumer of land with respect to yield, employing up to 5-10 
times more area than Intensive-1 systems to produce the same yield.
Greenhouse Effect (GE), Acidification Potential (AP) and Photochemical Smog (PS) 
follow the behavior shown by Energy Consumption (EC): Conventional systems are from 
10 to 20 times less efficient than Intensive-1 and Ecological-1 systems, while Intensive-2 
and Ecological-2A/B systems show intermediate figures. As Conventional systems are 
characterized by new buildings, the emissions from their construction, maintenance and 
demolition are likely to influence these impact categories: due to the carbon dioxide 
emissions, Conventional systems are 50 times more impacting in terms of Greenhouse 
Effect (GE) than Ecological-1 and Intensive-1 systems. A similar behavior is shown for 
Acidification (AP, Fig. 12) and Photochemical Smog (PS, Fig. 13.1-2), although some 
variants are apparent: Conventional systems are respectively 20 and 10 times more 
impacting than Ecological-1 and Intensive-1 systems, while Intensive-2 and Ecological- 
2A/B show intermediate values. This depends mainly on sulphur dioxide, Volatile 
Organic Compounds, methane, nitrous oxides and chlorine associated with agricultural 
buildings characterizing Conventional systems. Additionally, Ecological-2B system has 
comparable impacts due to the same compounds coming from the use of green manure.
Summarizing:
✓ following the pattern of Intensive systems, Conventional farmers tend to modernize 
their production infrastructures, i.e. buildings and machinery, thanks to a relatively 
higher income than in Ecological systems;
✓ due to their relatively small cropped areas, the emissions associated with buildings 
and machinery in Conventional systems by cropped areas are higher; accordingly, 
Conventional systems are more impacting than other systems in terms of Greenhouse 
Effect, Acidification and Photochemical Smog.
A similar behavior is followed by Solid Waste (SW)» which depends firstly on 
demolition of buildings and secondly of machinery: Solid waste production in 
Conventional systems is respectively 10 times and 100 times higher than in Ecological-2 
and 100 Intensive-1 or Ecological-1 systems, which are characterized by higher 
efficiency in both buildings and machinery due to the relatively larger cropped areas they 
support.
Ecological-2B system is the most impacting in terms of Eutrophication (EU, Fig. 14), as 
a consequence of the important inputs of nitrates due to the use of "green manure".
Ecotoxicity is analysed in terms of aquatic and terrestrial ecological toxicity. The 
analysis of Aquatic Ecotoxicity (aquatic ET, Fig. 15.1) shows two peaks, the highest in 
Ecological-2B system, associated with the Background System, and the other in
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Intensive-1 system, associated with the Foreground system. This figure results from 
emissions to soil (Appendix III.v, Fig.7.19), where mercury is the main toxic emission: 
(i) in Ecological-2B system mercury emission comes from the production of green 
manure, whose burdens are associated with the Background System; (ii) in Intensive-1 
system mercury emission comes from the use of sludge as fertilizer, and is associated 
with the Foreground System. On the other hand, Terrestrial Ecotoxicity (terrestrial ET, 
Fig. 15.2) shows two significant peaks in the Conventional system, due mainly to the air 
compartment (Appendix III.v, Tab.7.19): vanadium is the major responsible emission, 
coming from the construction of new agricultural buildings, and is associated with the 
Background System. Overall, Terrestrial dominates over Aquatic Ecotoxicity (ET, 
Fig. 15.3), giveng two peaks for overall ecotoxicity in the Conventional system and 
Ecological-2A/B systems.
Human Toxicity (HT, Fig. 15.4) shows the highest peak in the Intensive-1 system -  
associated with the Foreground System, while others are apparent in Ecological-2A/B 
and Intensive-2 systems. This is mainly due to heavy metals emissions -copper, cadmium 
and lead essentially- into the soil compartment ( Appendix III.v, Fig.7.19). These metals 
come from sludge in Intensive-1 system, and from solid manure in Ecological-2A/B and 
Intensive-2 systems, where the impact is magnified by the high erosion.
Overall, Ecotoxicity dominate over Human Toxicity (ET and HT, Fig. 15.5): overall 
toxicity shows two main peaks in Conventional systems, while others are apparent in 
Intensive-1/2 and Ecological-2A/B systems. Only in the Intensive-1 system does Human 
Toxicity dominate over Ecotoxicity, due to the sludge used as fertilizer. By contrast, the 
Ecological-1 system is the least impacting in terms of toxicity.
As described in Part III, sections 5.2.3 and 5.3.1.5, Biotic Resources (BR) is represented 
by two indexes reflecting the ecological quality of vegetation (VEQ) and fauna (FEQ) 
associated wih olive crops. The analysis of the Vegetation index of Ecological Quality 
(VEQ, Fig. 16.1) shows two major peaks in Ecological-2A/B systems, and two minor 
peaks in Conventional (with vegetal cover) and Ecological-1 systems. This is clearly due 
to the vegetal biomass of the permanent herbaceous layer in the olive crops (Appendix 
III.v, Fig. 16.8), whose increase makes both Vegetation Diversity (DIV) and Biodynamic 
Potential (PBD) rise as a consequence of the ecological principles of edge effect and 
niche saturation (Bonazzi and Rivella, 1993, pp.115-117). Fauna index of Ecological 
Quality (FEQ, Fig. 16.2) for breeding bird community also shows two major peaks in 
Ecological-2A/B systems, until another in the Conventional system provided with vegetal 
cover. A similar pattern is shown by the wintering bird community (FEQ, Fig. 16.3), 
although with lower peaks, reflecting the lower ecoindicator potential of wintering birds 
-shown by the parameter Sensitiveness (SEN)- with respect to breeding birds: in fact, the 
growth of SEN with population density (DEN) is much lower in wintering birds 
(Appendix III.v, Fig. 16.16) than in breeding birds (Appendix III.v, Fig. 16.15), which 
means that -following an increase of habitat resources- wintering bird population 
increases more in terms of generalist than of specialist species. Macroarthopod 
community (Appendix III.v, Fig. 16.4) shows a clear preference for vegetal cover, i.e. 
Ecological and Conventional (with vegetal cover) systems. An even more magnified
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behavior is shown by microarthropod community (Appendix III.v, Fig. 16.5). In this 
light, the overall Fauna index of Ecological Quality (FEQ, Fig. 16.6) shows major peaks 
in olive production systems provided with vegetal cover: Ecological-2A/B systems 
dominate slightly over the others, due to the greater population of breeding bird species.
In this light the overall Biotic Resource (Appendix III.v, Fig. 16.7) shows that:
/  Ecological-2A/B are by far the best performing olive production systems, although 
Conventional (vegetal cover) and Ecological-1 systems show high values as well;
/  the other systems are characterized by very much lower values;
/  analysis of the relationships between Vegetation (VEQ) and Fauna (FEQ) indexes of 
Ecological Quality (Appendix III.v, Fig. 16.9-10-11-12-13-14) shows that:
✓ FEQ of Microarthropod, Macroarthropod and breeding bird communities 
increases with vegetal Biomass (BIO, Fig. 16.9), Vegetation Diversity (DIV, 
Fig.16.10) and Biodynamic Potential (PBD, Fig.16.11) -and more generally 
with VEQ (Fig. 16.12)-, while FEQ of wintering bird community does not;
✓ overall, FEQ values for all birds and arthropods increase with VEQ (Appendix 
III.v, Fig. 16.13), but FEQ of arthropods is much more correlated with VEQ 
than FEQ of birds; again, this depends both on the lower and higher potential 
of wintering birds and arthropods as ecoindicators;
✓ FEQ of the overall fauna -breeding and wintering birds, Macro and 
Microarthropods- increases with VEQ by a 0.25 factor (Appendix III.v, 
Fig. 16.14): this is in agreement with the fact that the progressive saturation of 
the ecological niches for fauna requires a lower biomass with respect to the 
corrsponding figure required by vegetation .
Landscape diversification and complexity are considered magnifiers of the ecological 
value of agri-ecosystems, expressed by Biotic Resource (BR). Ecological-2A/B systems 
dominate in terms of Landscape Diversity and even more of Landscape Connectivity 
(LD and LC, Fig. 17), while these parameters are zero in Intensive-1 and Conventional 
(bare soil) systems, which are clear examples of agricultural deserts as regards landscape.
5.5 Conclusions: overall environmental performance of olive production
Analysis of the impacts is provided in Table III.5.3, and represented from Fig.III.10 to 14 
(also in Appendix III.v, Tab.7.22, Fig. 18.1-2-3-4 and 19).
In the light of section 5.3.3, the overall environmental performance of olive production 
system is given by the following approach: the average value of the relative performances 
of negative and positive impacts are calculated separately, giving two overall negative 
and positive indicators; the condition of environmental sustainability is satisfied when the 
balance between them is at least zero, thus fulfilling the condition of "metastability" 
described in Part I, Text Box 1 (Table III.5.3 and Fig.III.14).
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Tab.III.5.3 Environmental impacts of olive crops
Intensive 1 Conventional Conventional Ecological-1 Intensive 2 Ecological- Ecological- 
(baresoil) (veg. cover) 2A 2B
Impacts
NEGATIVE
EC 1.71982852 6.01506928 5.85198325 1 15.1528092 6.92153349 7.77613688
AD 1.71987522 6.01526639 6.01524573 1 15.1533043 6.92176751 7.77625137
LU 1 1.70679813 1.70679813 12973534 6.98443176 123)73534 6.486767
GE 3.07307912 43.6568846 43.6558948 1 17.9148036 7.88125136 8.47721566
AP (max) 2.48333293 16.7146477 16.6067812 1 8.61109786 4.46630735 14.9050876
PS (NOx) 1 67.1367857 67.1366656 5.34054329 50.8419809 17.1043487 21.0054566
SW 1.60152355 94^ 022161 94.1274238 1 11.8975069 10.2465374 11.234072
EU 1 4.1746442 401577392 1.13204497 6.79720024 4.28968763 19.3636892
ET 3.22030824 245)623718 24.9483669 1 7.28693883 7.48231939 12.5699071
HT 13^ 945599 5.37861599 536995505 1 9.11356747 8.17756206 9.5344539
SL 99.9999858 100.00001 5.0000096 1 199.999997 1.50008 1.5
OVERALL
NEGATIVE
INDICATOR
-11,828408 -33.633028 -24.948728 -1.4336311 -31.795785 -7.9968117 -10.966276
POSITIVE
BR 1.08188698 1 8.05227147 9.1371166 1.15287585 12.9611712 123)612869
LD 0 0 4 2.7548875 2.7548875 9.65148445 12
LC 0 0 0 0 0 33.3333333 36.3636364
OVERALL
POSITIVE
INDICATOR
036062899 0.33333333 4.01742382 3.96400137 130258778 18.648663 20.4416411
TOTAL -11.467779 -33.299695 -20.931304 +2.5303703 -30493197 +10.651851 +9.475365 
INDICATOR
Source: data reworked from Appendix III.v, Fig. 18.1-2-3-4. The highest values for both negative and positive impacts 
are bold. *
* mJLoajl %oiu£ Sydk*. 1 \  L /^ZmuJL&JZou.
rs jtu. jltlG  jL-SSo/M^/k^ o .* t iW ^ x& L  ^
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210
In the light of above, the following considerations can be outlined:
• only Ecological systems are sustainable, as positive impacts dominate: Ecological- 
2A/B systems are by far the most environmentally-friendly olive production systems, 
followed by Ecological-1 system, due to their higher ecological quality;
• Intensive and Conventional systems are not sustainable, as negative impacts dominate;
• Intensive-2 system is the least sustainable system, although significant positive 
impacts -  associated with the good inherent ecological quality- are apparent;
• Intensive-1 and Conventional (bare soil) systems -whose inherent ecological resources 
are already almost depleted- are very definitely not sustainable;
• Conventional system provided with vegetal cover shows significant positive impacts 
-coming from the ecological quality associated with the herbaceous layer- but the 
negative impacts still dominate.
Thus it is clear that environmental analysis based only on the conventional impact 
categories used in Life Cycle Assessment is not sufficient to represent the comparison 
between different olive production systems. This general conclusion is likely to apply for 
most traditional Mediterranean agricultural systems. Clearly, a broader perspective is 
required, explored by the extension of the system approach to include the inherent 
characteristics associated with the territory where production takes place -i.e. ecological 
value and landscape quality.
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Figure HI.
Figure III.ll
Eutrophication (EU), Human Toxicity (HT) and 
Ecotoxicity (ET) of olive crops
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Figure 111.13
Positive impacts: Biotic Resources (BR) 
and Landscape Diversity (LD) of olive crops
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6. Analysis of the cultural profile 
of olive production in Andalusia
This section deals with the cultural characterization and evaluation of the rural 
environment of Andalusia, with a specific focus on olive farms. The concept of culture is 
explored and analysed. This allows the most important profiles of the rural built 
environment to be identified so that their main characteristics can be analysed within an 
overall historical, artistic and human geographic framework.
6.1 Overall conceptual framework and objectives
Generally speaking, culture can be interpreted as the integration of historic memory, 
societal forms and life-styles. This concept is fundamental to both geography and history 
(Camarero, 1993; Garcia Merino, 1996; Various Authors, 1993; Ministere de la Culture 
et la Communication, 1988).
In examining the rural environment in Andalusia, the cultural value of agricultural farms 
and more specifically of olive-growing farms may be analysed by examining the 
following aspects of the rural built environment:
Q the quality of agri-industrial-residence constructions, following the rural built 
environment and human geography approach (L6pez-Casero Olmedo, 1989; Junta 
de Andalucia, 1991);
□ the quality of rural landscape defined by the interspersion of man-made and natural 
landscapes, according to the approach of landscape ecology (Ventura Fernandez and 
Ayala Jimdnez, 1987; Wilson, 1967);
Q the quality and conservation of traditional life-styles, according to the cultural 
anthropology and human geography approach (Rodriguez Becerra, 1984).
These aspects are analysed through the identification and exploration of the forms 
characterizing the rural built environment in Andalusia.
6.2 Forms in Andalusian rural built environment: definition, analysis 
and interpretation
The structure of the rural environmental is defined by common spaces shared by natural 
and man-made systems: the built environment constitutes a part of it, and is dedicated to 
humans, livestock and agri-industrial implements. Some parts of it are dedicated to agri­
industrial operations, eg.product transformation, storage, heating and cooking facilities, 
while other parts serve for accommodation of humans and livestock.
Generally speaking, the rural environment is defined by the patterns humans use to 
transform the natural environment to agricultural purposes, in order to fulfil their material 
and spiritual needs (Florido Trujillo, 1996, pl39). The characteristics of the associated
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built environment come from the typologies of buildings adopted, whose visual profile 
depends largely on the materials utilized for building them.
The element that has the greatest influence in Andalusia is security of water supply, while 
temperature and climate do not represent such important determinants. Rural buildings 
generally occupy hilly or elevated places, as wind was important for husk separation in 
cereal farms, and in order to oversee the cropped areas, as well as for the whole comfort 
and freshness of the dwelling.
The poorer rural buildings belong to the so-called minimal architecture, which is 
reflected in the availability of the materials employed: functional, cheap and easy to find 
and work. Some forms of rural habitat are relatively simple compared with the richer 
forms or mansions and use the materials from demolition waste from urban areas. 
Additionally, multifunctionality characterize rural buildings, which means that the same 
space or room could be used for many different activities: the rural house, composed by 
only one room used for cooking, eating, sleeping, gathering and socializing, was its 
simplest expression.
On the other hand, the courtyard is an essential element in the richer rural forms, i.e. 
haciendas and caserias , although it also remains as a surviving element in many more 
humble and simple rural buildings. The courtyard, i.e. patio, is an important element in 
bioclimatic architecture, introduced by the Romans (who learnt it from Middle East 
cultures they conquered, mediated essentially by the Greek culture). Its function is 
multiple: (i) it insulates the overall structure from heat and wind, (ii) it protects the 
internal spaces from outside; (iii) it fosters the convective movement of air heated by the 
sun, which can rise freely; (iv) it maintains freshness and humidity within the closed 
space through vegetation, usually abundant and generating a pleasant microclimate. 
According to its functions, the patio may be characterized by residential or productive 
features, due to its use for surveying and developing the agricultural operations or for 
recreational purposes.
Clay was an essential building material, used alone, or mixed with lime and water 
(sometimes with stone pieces), i.e. tapial (corresponding to "tabby” in Georgia) or with 
manure and straw, i.e.adobes. Stone was utilized in those areas where it was abundant 
and therefore cheap. lim e and chalk were used frequently for both insulation and 
protection from sun and humidity, but also for decoration. Iron was used for both 
decorative and protective purposes as gratings in windows and near the main door to 
control the entrance. Roof structures consisted of a support frame usually in wood or iron, 
while the cover consisted of canes covered with chalk, a common, light and cheap 
insulating material, or clay bricks (Feduchi, 1978).
The decoration is based on lime and ceramics, i.e. azulejos, often concentrated in those 
parts which are very important for both dwelling and social functions. Decoration usually 
recalls ornamental patterns from Baroque buildings in nearby towns. A very important 
role in decoration, comfort and leisure is played by vegetation, which is distributed in the 
courtyards also to recreate the spirit. The highest expression of these artistic and
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decorative forms is found in the most sumptuous haciendas of Sevillan Aljarafe and also 
in some caserias of Jadn and Montoro (Su&rez Jap6n, 1989).
6.2.1 Rural environment and types of olive-growing farms
Starting from common forms, rural buildings in Andalusia have become differentiated to 
meet the different needs required by agri-industrial production, economic viability and 
profitability, social prestige, residence, leisure, aesthetic pleasure and symbolic values, 
reflecting the requirements of the various production systems, social classes and culture. 
The Andalusian rural built environment and territorial organization, but, most of all, the 
associated social and cultural patterns are most clearly displayed by the olive-growing 
farms and their associated activities (Florido Trujillo, 1996, pp.215-216).
The first step of the analysis is to classify forms according to their principal 
characteristics and the way in which they have evolved. The second step combines these 
in a model to assess the cultural, artistic and symbolic significance of rural building 
complexes according to the following characteristics:
• overall structure and functional organization;
• layout and structural complexity;
• external features, including both construction and decoration;
• position in the landscape;
• any recent adaptation or modification.
Before applying this approach to the full range of building complexes associated with 
olive cultivation, it is useful to characterise the most common element: the olive mill, 
described in the following Text Box .
Text Box
The olive mill, a common feature of olive-growing farms
Olive-growing farms are the second most abundant rural forms after cereal producing 
farms, but are the most important form in terms of functional complexity, structural 
diversification and expression of luxury.
The olive mill is the feature common to most olive-growing farms, constituting the centre 
of its functional and symbolic space. Traditional olive mills use press systems. After 
washing, the olives are crushed into a paste to which water (usually 3-5 liter/100 Kg 
olives) and often a little bit of talc is added. The resulting mix is then kneaded for some 
time. In some cases, the oil released at this stage before pressing, is collected separately. 
This stirred paste is then spread in layers between circular mats piled up to a height of 3 
to 4 m. This pile is then vertically pressed. The oil/water mixture thus produced is 
collected at the bottom and sent to settling tanks where the aqueous phase sinks to the 
bottom and the oil floats. The mats are then removed from the press and cleaned for 
reuse. More details on this process can be found in Appendix Ill.iii.
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This process, carried out at a maximum temperature of about 35°C, produces virgin olive 
oil and two by-products: the crude olive cake, a flaky and moist solid collected from the 
mats, and the wastewaters from the bottom of the settling tanks. The latter are then sent to 
a cascade of settling tanks or centrifuged to recover the last fractions of oil, usually 
before being pumped into drying lagoons for disposal. The wastewater contains 0.5 to 1.0 
g oil/L. Spreading the paste between the mats, piling them up and removing the 
exhausted cake after squeezing are operations which require a large amount of manual 
labor.
The buildings and structures associated with this process are different. The olive mill is 
usually connected with the central courtyard; the central courtyard communicates with 
the buildings where the processing of olive oil takes place through a portal, i.e. casa- 
puerta, behind which are the stores containing the olives to be crushed (casa-tuja).
Usually the olive milling operations take place in a separate building, where the olives 
are crushed, i.e. casa-axaquifa. Here there is the roller-crusher, usually comprising one 
conical granite stone (piedra corredora) which moves against a round stationary stone 
(.solera) into which the olives are dropped, coming from a nearby store of olives (tolva). 
The whole system is mounted in a stone base (alfarge) which improves the overall 
rigidity. It is moved by animal and human power, linked to the moving stone by an 
articulated pole (almijarra).
The olive paste is collected through a channel, and transported to a different building 
(casa-almacen) to be pressed, after being mixed with heated water. Usually this building 
is divided into three naves, opened by a portal, close to a small oven (hornilla) to heat the 
water necessary for the press. The olive paste is then distributed on the olive mats which 
are piled into the olive press.
The complete press system is enormous, and could comprise a beam-press (prensa de 
viga, which may be several meters long and weight many tons) or a a heavy brick or 
stone tower (prensa de torre) to exert a continuous compression on the piled mats. The 
beam-press or the tower is loaded gently onto the pile, slowly pressing it. Other more 
modem and effective systems were introduced since the XlXth century, eg. the hydraulic 
press, which improved tremendously the productivity of olive mills.
In the same building there are also the decanting tanks and vegetable water vats where 
the oily juice from pressing is decanted and separated into its physical phases of olive oil 
and wastewater. The exhausted olive pomace which remained on the mats is removed and 
the mats washed.
Other buildings (casa-cojedoras) are assigned to the temporary workwomen and 
temporary agricultural wage-eamers (casa para los gananes), who are recruited during 
the labour-intensive operations of olive oil processing, as well as to the olive oil 
processor (casa para el casero). The number and size of these buildings depend on the 
scale and productivity of the overall production system. Additional spaces are assigned to 
olive oil storage (tinajas), breeding of chickens (corral de gallinas), as well as to shared
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living spaces based on the courtyard pattern (corrales); all these are scattered throughout 
the olive farm, and variable in number and size..
The analysis of the bigger olive farms reveals the presence of mixed forms, dedicated to 
the storage of wheat and to the transformation and storage of wine. In these mixed forms 
we find the maximum of building, living and functional complexity. Its basic structure is 
given by those described for the olive farm, but with several buildings devoted to the vine 
press (lagar) and wine storage (tinajas).
6.2.2 Types of olive farms
Olive-growing farms vary in type from one part of Andalusia to another, but are reflected 
in several groups of farms and buildings, grouped poor, moderately rich and rich forms 
(Appendix IILvi);
"poor forms" are further subdivided into:
1. olive-milling farms (molinos);
2. farm-houses (cortijos);
3. small-mansions (caserias);
"moderately rich" forms are:
4. Montoro-type mansions (caserias Montorefias);
"rich forms" are:
5. big mansions (haciendas)
Generally speaking, the external features of the first three forms are practically the same. 
Additionally, they show the same structure, elements and spaces, with the central 
courtyard constituting the axis and focus of many agri-industrial and social activities. As 
regards ornamentation, the first two forms (molinos, cortijos)are extremely simple, 
except for the presence in the second form (cortijos) of the chapel which is decorated to 
become a very important symbolic and visual element of the complex. Still, their overall 
aspect is similar to the simpler constructions associated with cereal producing farms.
Moderately rich and rich forms of olive-growing farms (caserias Montorehas and 
haciendas) are conceived starting from very different socio-economic, functional and 
cultural standpoints, and are identified as the richer forms: they served to represent the 
prestige and image of the ruling class, often being the main expression of the process that 
historically determined the distribution of wealth and power in Andalusia from the 
Christian Conquest.
Most of the poor forms may be attributed to the small-medium size farmers who 
achieved moderate growth in wealth from the early XlXth century by hiring big 
properties to crop and subsequently buying small fractions of them with the accumulated 
benefits from this activity. Other small size farms which survived the historical process of
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land accumulation can be included in this category. They were located in very marginal 
areas, which were too poor to subsist only on olive oil economy.
The distribution of olive-growing farms usually depends on the availability of water, 
necessary for olive oil extraction in proportion of up to 0.3-0.4 liters for each kilogram of 
olives processed. Transport infrastructures are not very important, as the olive oil trade 
outside the producing area was not well developed by the farmers living in this type of 
farm.
The three forms belonging to the category of poorer olive farms, i.e. olive milling farms 
(molinos), olive-growing farm-houses (cortijos) and olive-growing small mansions 
(<caserias), are analysed as follows.
1. M olinos (olive-milling farms'!
These forms are associated with small-medium size farms where the production of olives 
is dominant. They are made up of three parts, used for (i) agricultural production, (ii) 
olive oil processing, (iii) temporary residence for workmen and farmers, (iv) permanent 
residence of the owners. The agri-industrial part is dominant and the simplicity and 
poverty of the entire construction is apparent (Caro Baroja, 1981). The central courtyard 
is the fundamental element in this building, where the olives are gathered and sometimes 
washed. Several parts were built around it, eg. stables for the draught animals and olive 
wood stores, this last isolated to prevent infestation by the olive fly.
2. Cortiios (olive-growing farm-houses)
These forms derive from cereal producing or livestock breeding farms, and began to be 
transformed into olive-growing farms from the end of XlXth century. The structure is 
developed around a central courtyard, provided with milling, storage facilities and 
accommodation areas for draught animals, workmen and owner. Residential parts are 
simple and basic: in fact, in cereal-producing farms the owner did not usually spend a 
significant part of his time supervising the agricultural practices, and did not need any 
particular residence. Nevertheless, due to its transformation into an olive-growing farm, 
additional parts have been introduced, sometimes including a small chapel. The farm was 
dedicated to the residence of the owner and his family, who used to spend some months 
in the countryside. Then, the residential part typically shows a certain elegance and 
ornamentation to fulfil these new functions. Nevertheless, functionality rather than the 
manifestation of the social status of the owner remains the dominant feature.
3. Caserias (olive-growing small mansions)
A very similar structure characterizes these forms, which can be identified and 
distinguished from the bigger mansions of olive landlords by their clear rural character 
which pervades all the spaces and buildings. Although ornamentation and decoration are 
present and expressed with delicacy, functionality remains the basic feature of the 
complex, although the dimensions, richness and complexity of these mansions are 
comparable with the richer rural buildings i.e.haciendas (Florido Trujillo, 1996, pp.224- 
226).
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On the other hand, moderately rich and rich forms of olive farms can be attributed 
basically to the large-medium size farms traditionally belonging to the most privileged 
classes identified in the historical analysis, i.e. the landlords ; some of them also were 
owned by the agricultural upper middle class who enriched themselves rapidly from the 
XVIth and XVIIth centuries by marketing agricultural products to the American colonies 
and also by hiring big properties from landlords to crop and then buying them As a 
consequence, these rural forms embody the social prestige and economic power of the old 
ruling classes (nobility, Church, military orders) and also display the new privileged 
conditions of the emerging middle class. The two forms belonging respectively to the 
category of moderately rich and rich olive farms, i.e. Montoro-type mansions {caserias 
Montorenas) and Big mansions {haciendas), are analysed as follows.
4. Caserias Montorehas (olive-growing Montoro-tvpe mansions)
These forms dominate a limited area of the province of Cordoba, near the Sierra of 
Montoro. They have been conceived to fulfil agri-industrial production functions, but 
include an important residential part for their owners, who inhabited them for at least two 
months of the year to supervise the harvesting of olives and processing of olive oil. As a 
consequence, the overall complex was devoted also to comfort and a certain luxury to 
show the prestige and the social position of the owners.
Accordingly, they were located in the preferred and elevated places of the landscape to 
control visually the cropped areas. Generally speaking their complexity as well as their 
architectural and artistical refinement are higher than the rural forms previously analysed, 
although they are somewhat less developed than the corresponding elements in the 
haciendas.
Additionally, both agricultural lands and associated buildings are bigger than in the 
previously analyzed forms. The central courtyard remains the functional and social centre 
of the building, generally devoted to working activities. Sometimes we find a second 
courtyard, which is entirely dedicated to social life and entertainment, usually provided 
with gardens.
By contrast the parts dedicated to agri-industrial activities are sober and similar to those 
examined in the previous rural forms. Olive mills are generally characterized by the mill- 
tower, with a counterweight brick tower, usually provided with decoration and 
ornamentation; nevetheless, their symbolic and artistic value seem much lower than the 
corresponding elements which are present in the Sevillan haciendas. Some specific 
buildings are present in independent spaces; eg. residence for olive processors or farm 
masters, small wine presses and areas utilized since the XlXth century as living quarters 
for workmen during the harvest months.
The most symbolic and refined part of the complex is represented by the residence of the 
landlord (or owner, if coming from the middle class), called sehorio: It is provided with 
luxury and comfort, as it was used as resting place and as a symbol to show the owner’s
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status. The functional feature that may characterize the caserias Montorefias is the 
frequent presence of terraces, gardens, as well as water tanks, which sometimes reach 
very big dimensions (aljibes) (Madoz, 1987).
The external aspect of the caserias Montorefias is that of a residential building, which is 
usually divided in two floors, often including a chapel and a massive counterweight 
tower where the agri-industrial part is recognizable. Nevetheless, the whole complex 
lacks unique or original features, showing Sevillan styled ornamentation patterns. These 
last are relatively simple and sober lines and elements, generally built in the typical local 
red sandstone (molinaza). Iron gratings are a common decorative element, while ceramic 
is relatively common in the interior only in the buildings dating from the end of the 
XlXth century. On the external side, the most common decorative elements are pinnacles 
completing the external counterweight towers, as well as blazons framing the main 
doorgate and chapel fa5ades. Generally speaking, the residential part of the caserias 
Montorefias -  provided with residential courtyards, gardens, terraces and balconies -  
imitate the patterns shown by Sevillan haciendas without reaching their architectural 
quality. By contrast, the agri-industrial part is a detached element which shows a clear 
rural character (Madoz, 1987).
5. Haciendas (olive-growing hig mansions!
Generally speaking, the hacienda is the form that best synthesizes the agri-industrial and 
residential functions of rural forms, constituting the highest expression of grandeur, 
structural magnificence and ornamental exuberance of the Andalusian rural environment.
Direct descendant of the Roman villa, mediated through the forms of Arab alqueria, 
reformulated according to the architectural criteria of Italian Renaissance, the hacienda 
has been developed especially during the Sevillan Baroque, when it became the most 
typical expression of the building euphoria that characterized the whole of Andalusian 
society in that period. In fact, during the late XVIth century this pattern begins to become 
dominant as the most grand expression of the image and power of the ruling class, arising 
from the increasing wealth provided by the trade with the American colonies.
The haciendas did represent the formal image of the landlord nobility whose economic 
and political power had increased steadily since the Conquest, and had a major influence 
on the culture and society of the Sevillan metropolis. As a consequence, the connection 
with urban centers is very strict and evident. Most splendid haciendas are scattered 
around Seville within a range of 40 km (Sevillan Aljarafe and Alcores, Guadalquivir 
plain), while many are scattered all around the province of Seville, including areas close 
to the towns of Lebrija, Cadiz and Huelva. Nevertheless, during this period the main 
residence remains the urban centre and the hacienda is used essentially as a country 
estate.
During the following XVIIth and XVIIIth centuries, the urban economy and society 
declined, especially in Sevilla. The hacienda began to be identified with the privileged 
residence of landlords, who enriched them with all the comfort and luxury they could 
afford. They gradually transformed their haciendas into splendid rural palaces, adorned
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with magnificence, elegance and refinement typical of urban architecture to become a 
symbol of the dominant 61ite (Aguilar Garcia, 1992).
Following the decline of urban society and worsening life patterns resulting from the 
socio-economic and political crises of the XVIIIth century, the ruling classes preferred to 
live in the countryside rather than in urban centres. Therefore the hacienda became a 
model of closed, organized and self-sufficient "microcosmos" opposed to external chaos, 
which identified the pattern of Andalusian rural polys (Zambrana Pineda, 1996, pp.25- 
33; Rorido Trujillo, 1996, pp.17-36 and 269-270):
✓ the sehorio -the residential part where the owner lived with his family, officers and 
servants -  was provided with gardens, balconies and terraces, and became the 
political and residential centre;
✓ the capilla -  originally conceived to allow the workmen to attend to the religious 
functions during the most intensive agricultural labour periods, thus keeping them 
always close to the crops -became its religious and spiritual centre;
/  the ganaria -where workers lived with their families -  became structured to fulfil all 
their basic social needs;
/  the molino -  the agri-industrial complex -  clearly became the main productive and 
economic center (Gonzdlez Corddn, 1985).
Summarizing, the haciendas from the XVIIIth century have to fulfil the following 
functions: (i) agri-industrial production, where the olive clearly dominates cereal crops, 
vines and livestock breeding; (ii) storage of agri-industrial implements, livestock and 
agricultural products; (iii) residence of the landlord, his family and officers, the farm 
manager, the olive oil processors, the permanent and casual workers with their families 
and eventually priest; (iv) processing, storage and commercialization of olive oil 
(eventually wine and vinager too). Accordingly, its functional and structural complexity 
increases from this period, becoming the symbol of power in Andalusian and Spanish 
cultural patterns until the present day (Garcia Mercadal, 1981).
Usually the hacienda is structured around two courtyards: (i) the “ruraTcourtyard, 
devoted to agricultural production -olive collection, storage of implements and products, 
planning work, schedules, residence of workers {ganaria)’, (ii) the “urban” courtyard, 
devoted to the residence of the owner, his family, officers and servants {sehorio), which 
is usually close to both chapel and olive mill. The sehorio is the centre of the power in 
the hacienda, and is embellished by arcades, colonnades, galleries, terraces, balconies 
and gardens. The chapel belongs to this part, representing its most important symbolic 
element. In this light, it is possible to identify some peculiar architectural features of the 
haciendas: (i) the portals, (ii) the sightseeing and lookout towers, (iii) the espahadas, 
which are open structures built over portals or chapels provided with the bell used to 
mark the most important events in the agricultural and social life of the hacienda.
□  The portals become important from the end of XVIth to the entire XVIIth century, 
when the original structure of the Arab alqueria -progenitor of the hacienda but 
conceived as a closed residence— begins to incorporate the concepts brought by 
Italian Renaissance, which symbolize in the entrance the magnificance of the inner
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spaces (Ronquillo Perez, 1981). The ommentation becomes very important, and 
usually embellishes two portals, one in the inner fagade and the other in the outer 
wall: in this way the portals become an element to connect rather than to separate 
inner from outer spaces.
□  The sightseeing and lookout towers are a very characteristic element of the 
haciendas: architecturally they descend from the Arab minaret and Visigoth bell- 
towers, conceived to supervise the agricultural labourers; usually located in one 
fa?ade comer, they are provided with arcades, castellations and pinnacles (Aguilar 
Garcia, 1992, pp.50-79 and 90-94). Sometimes they are coupled with the 
counterweight towers crowning the olive mill.
□  The espadahas are possibly the most typical element of the haciendas, and can be 
found in many forms; nevertheless, their common character is the presence of at least 
one bell, conceived to communicate of the crops the most important social events of 
the hacienda as far as the furthest point.
As regards ornamentation, a plethora of decorative patterns can be found in galleries, 
balconies, arcades and gardens: they are specific reformulations for the rural environment 
of main Mudejar, Renaissance and especially Baroque models, carried out even by well- 
known artists and craftsmen (Agudo Torrico, 1984). They are expressed basically in the 
exuberant luxury and elegance of ceramic decorations, stone blazons, chromatic 
ornamentation in walls, castellations and pinnacles of the sehorio, fa§ade and chapel 
(Domenech Martinez, 1988).
During the late XVIIIth century neo-classicism introduced more serene elements which 
smoothened the ‘Baroque attitude’ of the previous century, while in the early XlXth 
century new eclectic elements characterising bizarre and ‘kitsch’ mix of styles are 
dominant. This tendency disappears in the first decades of the XXth century, when the re­
discovered taste for the golden period of Andalusian art encouraged the restoration of 
most elegant old-style haciendas.
6.3 Cultural evaluation: principles, methodology, case studies
Criteria have been developed to evaluate the artistic, aesthetic and symbolic 
characteristics of the human habitats associated with olive-growing farms in Andalusia,
i.e. their cultural relevance. The second step is to identify a significant number of 
representative case studies of rural forms for analysis, chosen to demonstrate the 
methodological approach to assess existing agricultural production systems associated 
with olive oil production in Andalusia.
The assessment of the cultural profile of rural forms and associated habitats has been 
based on expert evaluation, applying the criteria used in recent studies on Andalusian 
rural cultural heritage (Florido Trujillo, 1996; Ordonez Cocovf, 1989). Other criteria are 
taken from Social Sciences, Landscape Ecology and Industrial Archeology. *
la*
Following the classification of olive farms set out in Section III. 1.3, two groups of farms 
have been examined:
• the control group, comprising the 23 most representative Andalusian olive farms, 
identified in a recent study of the state of conservation of Andalusian architectural 
heritage (Hondo Trujillo, 1996, pp.345-402);
• the sample group, comprising the 16 farms for which the environmental and socio­
economic analyses have been carried out in Sections III.4 and III.5 respectively.
The analysis starts by identifying a set of criteria relevant to the cultural profile of olive- 
growing farms. Although the assessment of the architectural value may be affected by the 
subjective vision of experts that carried out the study, this last has been based on the 
strictest criteria derived from rural architecture (Lopdz Ontiveros and Valle Buenestado, 
1994; Ingegnoli, 1993; Mac Arthur and Wilson, 1967), human geography (Hondo 
Trujillo, 1989, pp.45-61), and cultural anthropology (Medina and Laiglesia, 1991), i.e. 
criteria (i), (iii), (v) and (viii) below. Other criteria come from the analysis of the socio­
economic characteristic and footprint of agricultural production systems (Horido Trujillo, 
1996, pp.217-229), i.e. the criteria (ii), (vi) and (vii) below.
All the criteria have been evaluated by experts in the case studies and have been scaled 
from 1 (very bad) to 5 (extremely good):
i. architectural value and artistic quality:
ii. state of functionality of the complex, seen as the efficiency of old machineiy
characterized by its industrial archeological value (eg. olive mill);
iii. unique features, significant architectural or functional elements (eg. espadanas,
sightseeing and lookout tower, portals);
iv. state of conservation, of both building and agri-industrial structures;
v. state of the traditional life-stvle. given by the age structure and life-style of 
permanent or semi-permanent staff of the farm;
vi. state of the production performance, which gives an idea of the agri-industrial 
efficiency and competitiveness of the farm;
vii. approximate date of construction of the complex, which identifies its inherent 
historical value.
Generally speaking, three criteria can be considered dynamic, as they depend on the 
organizational profile of the farm -i.e. Functionality, State of Traditional Life-style and 
State of Production Performance- while others can be considered as static, as they 
represent the inherent architectural, artistic and historical aspects of the buildings 
associated with the farm -Architectural quality, Unique features, State of Preservation, 
Date of Construction. The criteria have been weighted differently by experts (Appendix 
Ill.vi, Tab.l): overall, the groups of dynamic and static criteria were almost equally 
weighted. The evaluation tables for all criteria are given in Appendix IH.vi, Tab.2-7. This 
process allows an indicator to be formulated for the Cultural Profile (CP, Appendix Ill.vi, 
Formula 1).
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The evaluation can be represented in two ways: (i) it is possible to assign to each farm a 
numerical value for CP scaled from 1 to 5, i.e. ordinal evaluation , which can easily be 
given in percentage as well (Appendix Ill.vi, Formula 2); (ii) it is possible to represent 
the Cultural Profile through a qualitative evaluation scale, which requires a different 
approach, described as follows. Generally speaking human perception of quality is not 
linear (Ingegnoli, 1993, pp.23-29): the attributes of “good” and “very good”, or “bad” 
and “very bad” of a given property is usually perceived as smaller than the corresponding 
gap between the attributes of “medium” and “good” or “medium” and “bad”.7 This 
becomes particularly evident through the analysis of the methodologies based on expert 
evaluation, recently studied for Environmental Impact Assessment and Analysis of Land 
Quality (Bonazzi and Rivella, 1995). In fact, it has been pointed out that, when the 
experts had to attribute both numeric and associated qualitative evaluation —scaled in 
five levels from “veiy bad” to “veiy good” — the linear scale of the numeric evaluation 
does not correspond to the linear scale of the qualitative evaluation. This means that the 
term “medium” usually exceeds the corresponding 5-step numeric range expected from a 
linear relatioship, i.e. from 2 to 3. This becomes apparent by considering the 
etymological elasticity of the term medium, which differs from one language and culture 
to another, embracing a broad range of meanings, from ”in-the-middle”, to “moderate”, 
to “mediocre”. Finally, this means that the central range for qualitative evaluation is 
expanded relative to the extremes of the range: accordingly, the variation of the 
independent variable in the intermediate range will produce a bigger variation in the 
dependent variable than a corresponding equal variation in the extremes of the range. 
This relationship between qualitative and numerical values assigned by experts is defined 
by a set of best fitting curves,8 defined by three equations (Appendix Ill.vi, Formula 3.1,
3.2 and 3.3): the sinusoidal formula (Appendix Ill.vi, Formula 3.1) is usually preferred. 
Accordingly, a conversion table between numeric and qualitative values is provided 
(Appendix Ill.vi, Tab.8).
6.4 Analysis of the cultural profile of Andalusian olive farms
Generally speaking, the cultural profile of olive farms depends on: (i) inherent 
characteristics of the farm -eg. architectural and artistic value-; (ii) parameters related 
with traditional life-styles that can be preserved provided that a certain competitiveness 
of the farm is guaranteed. The Cultural Profile (CP) of the control group is shown in 
Figure III. 15, that of the sample group -  represented together with their socio-economic 
and environmental classification -  is shown in Figure III. 16 (also in Appendix Ill.vi, 
Tabs.11-12, Fig.1-2). The farms are displayed according to their increasing value of CP 
within each group. Additionally, the average value of CP is provided in Figure III. 17
7 More details of the epistemological interpretation may be found in: (i) Bonazzi and Rivella, 1995, pp.7- 
29; (ii) Bonazzi, 1995, pp. 14-31; (iii) Mac Arthur and Wilson, 1967, pp. 11-27.
8 In the study mentioned below experts in ecological sciences had to associate numerical and qualitative 
values with their perception of the environmental quality of selected fauna and flora species. The analysis 
of the correlation between them shows very similar results. More details in Bonazzi and Rivella, 1995, 
pp.35-47,56-70,77-91.
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(also in Appendix Ill.vi, Tab. 13, Fig.3).9 Finally, the values of CP of the farms belonging 
to the sample group are provided together with their socio-economic and environmental 
classification, shown in Figure III. 18 (Appendix Ill.vi, Tabs. 12 and 14, Fig.4).
The compared analysis of sample and control groups allows to set up the following 
considerations:
□  there is a high variability of CP within each group of farms;
□  the farms of the sample group are representative with respect to those of the control 
group;
□  there is no clear correspondence between the three groups of socio-economic, 
environmental and cultural classifications showed in Section III. 1.3 and in Figure 
III. 16; this means that 27 combinations of different types of farms are theoretically 
possible, depending on their technological profile;
□  higher values of CP are found in the haciendas and caserias montorefias, due to their 
higher complexity and overall architectural and artistic value; highest values of the 
sample group are found where economic efficiency together with market-oriented 
environmental sensitiveness allow preservation of the traditional life-style and feed 
the associated sense of belonging (the farm "Nunez de Prado" is a clear example);
□  lower values of CP are found in new farms running modem production patterns 
-some caserias and cortijos of the sample group mainly- where neither the 
traditional life styles are preserved nor the architectural value is significant (the farms 
"Castellanotti" and "Pastor" are clear examples);
□  in some cases, although the architectural and artistical values are high, CP remains 
low due to the low productive efficiency, unable to afford either the permanent staff 
or the preservation of traditional living patterns; these farms are progressively being 
abandoned, and degrade rapidly (the farm "Nuestra Senora de la Luz" and "La 
Colora" provide clear examples).
It is important to highlight the definition of the cultural profile as a living dynamic 
characteristic arising from historic and socio-economic processes, taking place in a 
broader environmental and man-made context. The hypothesis is that both material and 
spiritual need have to be satisfied: in this light, experts have considered the three dynamic 
criteria depending on the organizational profile of the farm -i.e. Functionality, State of 
Traditional Life-style and State of Production Performance- as important as the static 
criteria, associated with the inherent architectural, artistical and historical aspects of the 
buildings of the farm -Architectural quality, Unique features, State of Preservation, Date 
of Construction. The principle is clear: if olive production alone can not satisfy the 
material needs, the associated rural life-style, artistic and traditional heritages are being 
depleted, leading to an overall loss of cultural diversity for the overall human community. 
In this case, we face a conflict between the need to preserve the cultural heritage and the 
lack of competitiveness of its economic basis.
9 The same indicator is calculated in following section III.7 for the categories of olive farms analysed in the 
environmental analysis described in section III.5. This enables the comparative discussion with the results 
coming from the environmental and socio-economic analysis to be carried out.
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This conflict may be faced through different strategies, from relinquishing traditional 
production patterns to promoting new economic activities to maintain them: this can be 
done by integrating or converting these farms to new functions no longer associated with 
agricultural activities (tourism, leisure, conservation), in order to allow them to survive in 
a new and more competitive environment. Most haciendas have performed well, 
obtaining a global “Good” value of CP. Within the control group cases n°19-20-21-22-23 
(Appendix Ill.vi, Tab. 10) and some cases in the other two categories (eg. cases n°6-7 and 
n°15-16 respectively) provide examples of this. Within the sample group the farms 
"Nunez de Prado" and "Rafael" show the same characteristics, using their farms for 
leisure or thematic tourism. Another strategy is followed by the farm "Jolma", which has 
intensified and differentiated its production. Alternatively, specialization in organic olive 
production has allowed traditional farms to survive and maintain a respectable value of 
CP, essentially driven by the preservation of traditional life patterns, eg. farms "Arias- 
Sanchez", "Pajaron" and "Coop. Genave".
Thus, it is clear that the problem of preserving the architectural, artistic and traditional 
heritages in olive farms depends strongly on the economic efficiency of the activities 
which are located in the farm.
Summarizing, farms belonging to richer social strata, i.e. nobles and higher middle class 
(haciendas and caserias montorefias) are characterized by higher cultural performance: 
artistic value and traditional life-styles are often preserved thanks to the income provided 
by alternative activities different from olive production, such as thematic tourism (eg. 
rural, pedagogic, gastronomic, handicraft, industrial archeology) or specialization in 
organic production. Flexibility and differentiation are the key issues in managing these 
farms, which are characterized by an overall higher artistic level which allows different 
uses, as well as the higher level of education and entrepreneurial attitute of the owners, 
which enable them to cope with the more difficult and expensive management of these 
activities.
On the other hand, farms with a certain level of artistic and traditional heritage belonging 
to poorer rural strata, i.e. caserias, molinos, cortijos, are usually located in marginal and 
mountainous areas. They are facing a veiy tough task to survive in a very competitive 
market while preserving their cultural identity. Generally speaking, their socio-economic 
level is really much lower than in richer farms, which neither stimulates nor supports the 
educational and training activities required to become more entrepreneurial. Accordingly, 
some of them are changing to organic olive oil production to benefit from EU subsidies, 
sometimes associating into cooperatives to market their product at lower processing and 
marketing costs. In this way they can maintain their traditional life-styles, to which they 
show a strong attachment: this is particularly important from the standpoint of preserving 
cultural richness and diversity, as simple market logic does not explain why they do not 
move to other jobs, like most young people elsewhere.
In fact, the lowest values of cultural performance are found where marginal farmers 
imitate the production systems of industrial and richer farmers, transforming their farms 
to increase production and productivity alone: although their economic efficiency
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increases in the short-term, they are losing an important reservoir of opportunity that can 
be more efficiently exploited in a broader perspective, eg.cultural, gastronomic and rural 
tourism, handicraft.
In this light, it is clear that marginal farms are the reservoir of traditions and cultures: 
nevertheless, they are often threatened by the short-sightedness of pure market logic 
solely oriented to short-term profitability, as they are economically less competitive and 
culturally more fragile. In this light, the present form of the EU subsidy system -or slight 
variant of it- is likely to have a very negative impact on both income and lifestyles 
associated with these types of farms. Clearly, alternative uses of the Andalusian olive- 
growing areas have to be promoted by policy-makers: the cultural heritage is a reservoir 
of human diversity, and therefore needs ethically to be preserved according to the 
principles of sustainable development discussed in Part I, Section 1.7. A set of socio­
economic opportunities different from mere agricultural production need to be explored, 
investigated and promoted. In this light, education and training is clearly a pivotal issue 
to promote sustainable development of Andalusian olive production systems.
Finally, cultural richness and diversity should be preserved per se because they epitomize 
and can illuminate new paths to promote sustainable development.
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Figure 111.15
Cultural Profile (CP) of Control Group olive farms
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Figure 111.16
Cultural Profile (CP) of Sample Group olive farms
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Figure 111.17
Average Cultural Profile (CP) in olive farms 
belonging to sample and control groups
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Figure 111.18
Cultural profile (CP) of olive farms examined 
in th e  socio-economic and environmental analyses
Intensive 1 Conventional (bare Conventional Ecological 1 Intensive 2 Ecological 2A Ecological 2B
soil) (veg.cover)
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7. Discussion and conclusions
7.1 The perspective of sustainable development for olive production 
systems in Andalusia
The previous sections have analysed the ways in which olive production in Andalusia 
plays a pivotal role in protecting natural resources and landscape integrity, in constituting 
a significant share of the economy (especially the informal economy), and in providing 
employment to stabilise rural populations and preserve cultural patterns. The objective of 
this section is to synthesise the results unto an integrated vision of the socio-economic, 
environmental and cultural impacts of Andalusian olive production to provide policy 
makers with a rationale for developing the most appropriate tools for promoting its 
sustainable development.
Four sets of synthetic indicators were identified in the previous sections (III.4, 5, 6) for 
the seven production systems considered in the environmental analysis, representing the 
broadest range of olive production patterns of this study The values for these indicators 
are brought together in Table III.vii.1. A further normalization will show the final 
comparison between these systems (Tab.III.vii.2).
Table HI.vii.1 Average economic and job performances of olive production systems
Production
systems
Indicators
Intensive 1 Conventional 
(bare soil)
Conventional
(veg.cover)
Ecological Intensive 2 Ecological
2A
Ecological
2B
ECONOMIC
Nl/ha (Pts)
289,154 178,269 139,927 371,385 31306 59,398 53,857
SOCIAL
Permanent
jobs/ha
0.256 0.034 - 0.06 0.2 0.33
SOCIAL
Casual jobs/ha
0.91 o 0.856 0.629 0.2 0.098
ENVIRON
MENTAL
Negative
impacts
-11.828 -33.633 -24,949 ; -1.434; 3 -31.796 -7.997 -10.966
Positive
impacts
0.361 0.333 4.G17;;>; 3.964 1.303 18.649 20.442
Overall impacts -11.468 -33.3 -20.931 2.530 -30.493 10.652 9.475
CULTURAL
Cultural Profile 
(CP)
1.813 1.375 1.725 4.175 3.725 3.175 2.345
Source: Appendix Ill.vii, Tab.4. The highest values are indicated in bo d.
The values for economic profitability per hectare are shown in Figure III. 19.
Generally speaking, economic profitability is highest in Ecological 1 and Intensive 1 
systems, followed by Conventional cultivation. The remaining systems all show much 
lower economic performance.
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As regards overall job creation, shown in Fig.III.20, olive cropped land in Ecological 2 
systems are characterized by the lowest levels: on the other hand, they generate the 
bigger share of permanent jobs, which means they are characterized by a radically 
different organizational profile compared to the remaining systems, which are mostly 
based on casual workers.
Economic performance of olive production systems
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Job performance of olive production systems
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The environmental analysis is particularly enlightening on the limits of sustainability. 
Section III.5 considered different impact categories, both positive (i.e. ecological quality 
produced) and negative (i.e. depletion and contamination of ecological quality). It was 
shown that sustainability is the balance of positive and negative impacts for each system, 
which are considered of equal importance. The relative performance for positive and 
negative impacts of production systems is shown in Fig.III.21 (also in Appendix Ill.vii, 
Tab.2, Fig.3). Overall, the sum of these values gives the performance in terms of 
environmental sustainability: sustainable systems are characterized by a positive balance 
between positive and negative environmental impacts. Clearly, on this basis, only 
Ecological systems are sustainable. Additionally, the level of positive environmental 
impact defines the overall degree of associated ecological quality, which means the level 
of the metastable range of biodiversity which can be sustained (more details in Part I, 
Text Box 1). In this light, Ecological 2 systems show a bigger difference between 
positive and negative impacts, with higher ecological quality and a better environmental 
performance compared with Ecological 1 systems, although their negative environmental 
impact is also higher. On the other hand, Conventional (vegetal cover) systems are 
characterized by significant ecological quality (positive impact), but the overall impact 
balance is negative.
Fig.III.21
Environmental performance of olive production systems
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The cultural analysis shows that Ecological 1 and mountain olive farms (i.e. Intensive 2 
and Ecological 2 systems) are characterized by higher values. This depends on the farm 
management pattern for the former, very keen to exploit traditional heritage, and on the 
higher preservation of traditional lifestyles in the latter (Appendix Ill.vii, Tab.3, Fig.4).
Fig.III.22
Cultural performance of olive production systems
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Overall the economic, job, environmental and cultural performance have to be brought to 
a comparable basis. Accordingly, it is possible to represent the relative performance of 
for a given impact category of each system with respect to its corresponding value for the 
remaining systems (Appendix Ill.vii, Tab.4, Figs.5 and 6). The values for Environmental, 
Economic, Social and Cultural indicators (provided in Tab.III.vii.l) associated with the 
production systems are normalized to the lowest value found in the full range of systems 
(resulting indicators are shown in Table III.vii.2, Fig.III.23). Therefore it is possible to set 
up a synthetic indicator for sustainable development by summing with equal weight the 
normalized values of Environmental, Economic, Social and Cultural indicators (shown in 
Table III.vii.2, Fig.III.23).
pigfe
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Tab.III.vii.2 Normalized values of impacts associated with olive production systems
Production systems
SUSTAINABILITY 
INDICATOR 
(no substitutability)
Intensive 1 Conventional 
(bare soil)
Conventional
(veg.cover)
Ecological 1 Intensive 2 Ecological
2A
Ecological
2B
ENVIRONMENTAL -4.533 -13.162 -8.273 -12.053 4.21 3.75
ECONOMIC 9.2 s n M m m 4.5 . 11.9 1.0 1.9 1.7
SOCIAL:
permanent jobs
7.5 5,9 S t i l l ! ® 1.8 5.9 9.7
SOCIAL:
casual jobs
9.3 8.2 6.4 2.0 1.0
SOCIAL: overall jobs 1.17 1 6.89 0.69 0.4 0.43
CULTURAL 1.3 1.3 3.0 i n 2.3 1.7
SUBSTITUTABILITY 
INDICATOR (Sum)
7.19 -5.67v • -1.55 16J9 -7.65 8.82 7.6
Source: Appendix Ill.vii, Ta 3.4. The hig iest values are indicated in bold.
Fig.III.23
Impacts of olive production systems (Furor PhD brevis est...)
Intensive 1 Conventional Conventional Ecological 1
(bare soil) (veg. cover)
Intensive 2 Ecological 2A Ecological 2B 
Source: Tab.III.vii.2
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The following considerations emerge from the quantitative comparison between the
different olive production systems:
✓ Generally speaking, the impact categories associated with socio-economic, cultural 
and environmental resources cannot be substituted nor summed: clearly, this emerges 
from the application of the concept of "strong sustainability" (examined in Part I). In 
fact, sustainable use of environmental resources provides a necessary condition for 
a production system to generate economic, social and cultural benefits (more details 
are provided in Part I, section 1.1). For example, the balance of environmental 
resources in Intensive and Conventional production systems is negative: the 
environmental resources are progressively depleted, thus jeopardizing the possibility 
of generating and sustaining socio-economic and cultural benefits. In fact, the lowest 
values of cultural performance are found where marginal farms are transformed to 
increase production and productivity by imitating the production systems of industrial 
and richer farmers: although their economic efficiency increases in the short-term, 
they are losing an important reservoir of opportunity that can be more efficiently 
exploited in a broader perspective, eg. cultural, gastronomic and rural tourism, 
handicraft. In this light, the time scale clearly emerges as a pivotal issue for 
sustainable development (as described in Part I, section 1.1 and 1.7). Among 
environmentally non-sustainable systems, the overall best performance is shown in 
the short-term by Intensive 1 and the worst by Intensive 2 systems: in the former, the 
depletion of environmental and cultural resources generates significant levels of 
profitability and permanent jobs, while in the latter the high consumption of 
environmental resources generates no important benefits in terms of profitability or 
permanent jobs. For example, the only positive impacts for Intensive systems are 
found from the cultural standpoint, which means that associated rural buildings can 
be maintained but only in the short-term. Conventional systems are characterized by 
intermediate behavior, while Conventional (vegetal cover) systems shows a relatively 
less impacting environmental profile.
✓ In this light, sustainable development is strictly limited to sustainable use of 
environmental resources: this means that their exploitation has to produce at least a 
zero balance between negative and positive impacts, which occurrs only in Ecological 
systems. In the other systems the overall ecological quality is progressively depleted: 
man-made pressure therefore displaces the system outside its limits of metastability 
-shown in Part I, Text Box 1- thus degrading the quality of environmental resources 
which finally jeopardizes the production potential. This is clearly the case (due to soil 
erosion and biodiversity loss) for Intensive and Conventional systems, where 
environmental quality drops in the short-term, causing the productivity to decrease in 
the medium-term (about 20 years). Clearly, also the economic performance of
the system is affected: beyond the inherent value of environmental resources, overall 
income decreases with the increasing quantity of agrochemicals required to replace 
the nutrients loss. Clearly, these considerations reinforce the need for a new role for 
man and his development in nature, i.e. stewardship instead of conventional 
anthropocentric visions (this aspect is examined more in detail in Part I, section 1.7).
✓ In this light, policy is an important issue (examined in Part I, section 1.1). In fact, the 
level of man-made pressure characterizes the range of metastability associated with 
the quality of environmental resources (Part I, Text Box 1): this last clearly depends
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on the degree of interaction between natural and human systems -  which is usually 
imposed by man- and that can be limited by policy. In fact, this interaction constrains 
sustainable development, according to the general definition of sustainable 
development (expressed in Part I, section 1.7): even if man-made pressure is exerted 
in a sustainable way -  which means that it is contained within a range of metastable 
equilibrium (Fig.III.24) -  policy has to define the level of environmental quality 
which is associated with this equilibrium and which is expected to be socially 
accepted. Policy must decide how much environmental quality is to be exploited in a 
sustainable way to produce both socio-economic and cultural benefits for society. 
Nevertheless, even in this case original Mediterranean woodland has been 
transformed into olive cropped land to produce olives: accordingly, the level of 
metastability for ecological quality (Part I, Text Box 1, Fig. 1.2) reflects the space 
and time scales (described in Part I, section 1.1) for sustainable development chosen 
by policy. In this light, policy must therefore identify the share of environmental 
resources to be naturally preserved (e.g. Mediterranean woodland) and the share to be 
sustainably exploited (e.g. Ecological olive crops). In both scales, an intermediate 
step between natural and man-made systems is to be chosen by policy: in this light, 
Ecological systems are to be promoted.10 Among them, Ecological 2 systems are 
significantly more environmentally effective, due also to their location in marginal 
mountain areas. In the Euro-Mediterranean policy perspective, it is important to 
highlight that these systems are disappearing in Spain, although in the non-EU 
Mediterranean countries they remain dominant. Additionally, these systems have 
very important social and cultural significance, analysed in the following point.
/  Sustainable development is not only based on sustainable use of environmental 
resources, but takes into account both socio-economic and cultural benefits as well, 
expressed in the concept of social development (described in Part I, section 1.1). 
Generally speaking, this concept is based on the principle of equity, which integrates 
economic profitability, efficiency in generating jobs and preserving cultural heritage 
and patterns based on traditional lifestyles (described in Part I, section 1.1 and 1.7). 
Accordingly, the definition of sustainable development integrates different 
dimensions of sustainability, embracing sustainable use of environmental, economic 
and human resources (described in the extended definition provided in Part I, section
1.7 and Fig. 1.1). Accordingly, the scale of metastability (Part I, Text Box 1, Fig. 1.2) 
can be extrapolated from the environmental analysis to the study of social and 
economic resources: the general form of the relationship, shown in Fig. III.24« 
follows that for biodiversity introduced in Part I. Clearly, in the perspective for 
sustainable development the level of Social Quality is expressed in terms of Equity of 
social resource distribution, i.e. Equity of jobs, economic and cultural prosperity. This 
Equity depends on the level of interaction between man-made pressure -  in this case
10 Parallels from the history are enlightening: in ancient Greece, food production was strongly protected to 
guarantee food self-sufficiency to Athens, and export of food staples outside the polys usually forbidden. 
Following to the policy set up by Solon, olive grovers of Athens were allowed to export olive oil to obtain 
from the Asian market the grains with which the town was deficient. Accordingly, the woods in the 
territory of the polys were cut to plant olive trees, and both environment and landscape were radically 
transformed. Plato criticised this strong change in traditional land use and lifestyles, expressing his 
preference for policies more sensitive to harmonious exploitation of land resources.
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the policy pressure- and the distribution of socioeconomic resources, whose 
framework is defined by both historical and socio-economic forces. Accordingly, the 
policy framework is expected to promote the maximum level of equity by generating 
jobs, economic and cultural benefits in as equitable a way as possible within these 
constraints. For example, among environmentally sustainable olive production, 
Ecological 1 systems show the better economic performance and casual job creation, 
while Ecological 2 systems perform better for environmental quality and permanent 
job creation; on the other hand, the the cultural performance of these two systems are 
comparable. Clearly, this is a typical policy issue related with the subsidy system 
(more details in Part II, section 2 and 4): sustainable policy should promote 
Ecological 2 systems generating more jobs and protecting cultural patterns, but 
recognising that they must be sustained in the market as their economic performance 
is weak due to the low cropped areas belonging to the numerically dominant small 
farmers.
✓ Another indicator has been set up assuming substitutability between economic, 
labour, environmental and cultural impact categories (Appendix Ill.vii, Fig.7). This 
represents the classic approach assuming socioeconomic, environmental and cultural 
perfomances of production systems can be interchanged, according to the concept of 
"weak sustainability" (examined in Part I). Clearly, this has nothing to do with 
sustainability, as it is a simple trade-off between natural and man-made systems. It 
clearly demonstrates that the overall performance of environmentally unsustainable 
production systems (eg.Intensive 1) can be interpreted as sustainable from short-term 
anthropocentric perspectives. In fact, by extending both space and time scales, 
production systems which deplete environmental resources are clearly unsustainable, 
as they jeopardize the basis for generating socio-economic and cultural benefits in the 
long term. Clearly, the time and space scales are the discriminant between the 
concepts of "weak" and "strong" sustainability, which can be re-defined as "fictitious" 
and "real" sustainability. In this light, the "real" sustainability profile must consider 
economic, social, environmental and cultural impacts as separate categories, as they 
embody radically different concepts and objectives.
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Figure 111.24 Variation of the Environmental Quality (or Naturalness) with man 
made pressure and of Social Equity with policy pressure
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7.2 Concluding remarks: which olive production systems are 
sustainable?
Summarizing, it is possible to set out a ranking of Andalusian olive production systems
with respect to their overall performance in terms of sustainable development:
□ Ecological 1 systems are very promising for sustainability, especially in those areas 
characterized by low ecological quality; for this reason, their ecological profile could 
be significantly improved by relatively simple measures, following some patterns 
identified by Ecological 2 systems, like improving landscape connectivity and 
diversity by planting hedgerows between olive crops. Additionally, the high 
economic income allows the cultural heritage associated with olive farms to be 
maintained, providing the possibility for complementary income as well. 
Nevertheless, these systems are very limited (currently less than 1% of Andalusian 
production).
□  Ecological 2 systems are very good from environmental, social and cultural 
standpoint; nevertheless, they are marginal (up to 2% of Andalusian production), 
provide little economic income, and depend strongly on subsidies for organic 
production. Accordingly, policies should strengthen their economic performance, by 
shaping dedicated subsidy systems, especially for integrated olive producing- 
livestock breeding systems. Additionally, the overall performance of the production 
chain should be improved, especially the processing and marketing phases: marketing 
cooperatives could be promoted via training programmes and dedicated 
differentiation of the existing subsidy framework.
□ Intensive systems in lowlands and plains are clearly not sustainable (i.e. Intensive 11: 
nevertheless, their impact per hectare seems lower than other non-sustainable 
systems, i.e. Conventional and Intensive 2. Nevertheless, as these systems account for 
the greatest proportion of olive cropped lands, their overall impact is very important. 
The high economic income and casual job creation constitute a clear expression of the 
traditional capitalist system based on latifundia which belonged to the nobility and 
higher middle class. The economic income -mainly coming from the current subsidy 
system which only rewards production- is concentrated in the hands of the higher 
social strata. Additionally, the cultural performance is low, and consequent loss of 
potential sources of economic income (e.g. thematic tourism) must be expected. 
Intensive systems and Conventional systems are dominant in Andalusia.
□ Conventional systems have a very similar profile: they reproduce Intensive systems 
on a smaller scale. The social actors benefitting by these systems are the lower 
agricultural middle class, which has been trained in Intensive 1 systems and are now 
running their own farms. Accordingly, their environmental performance is similar to 
Intensive 1 systems without the economic advantages. Their overall economic and job 
performance are lower, and involve a relatively higher impact on both environment 
and culture. Although their impact by hectare is high, Conventional systems account 
for a limited part of olive cropped land in Andalusia. The application of vegetal cover 
improves the environmental performance but is not sufficient to make the system 
sustainable.
Q Intensive systems on steeply sloped land (i.e.Intensive 2) are the most impacting on 
the environment and generate few jobs and little economic income. On the other 
hand, they are usually characterized by a desirable cultural profile that should be
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preserved, possibly by applying more sustainable systems, based on the patterns 
identified for Ecological 2 systems. Definitely, dedicated policies should be oriented 
to transform these systems into more sustainable farms.
In this light, EU policies should examine the following considerations:
□ it is important to improve the economic performance of small Ecological mountain 
farms and the environmental performance of large Ecological farm on the plains, by 
exploiting the cross fertilization of their experiences; in fact, it is clear that the capital 
level of small Ecological farms is low and the economic organizational structure very 
vulnerable to fluctuations in the subsidy system. In this light, the subsidy should 
become a more consistent tool with much more focussed objectives and patterns, 
oriented to improve the overall sustainability- rather than productivity- of these 
systems. Processing and marketing are pivotal in this process, and should be 
encouraged and implemented. On the other hand, large Ecological farms could 
improve their environmental performance by introducing elements for the 
diversification of the landscape, basically hedgerows and naturally wooded areas;
□ current Intensive systems are not sustainable; particularly, those located in 
mountainous areas or on hilly slopes dramatically jeopardize sustainability and have 
no significant positive impacts except for the conservation of cultural heritage; this 
last should be preserved by exploiting economic activities different from olive 
production, eg.rural, industrial archeological and gastronomic tourism. Intensive 
systems on the plains produce very high income for the richer social strata, associated 
with a significant depletion of environmental and cultural resources. However, they 
take the lion's share of current subsidy systems, encouraging high production and 
productivity levels; therefore subsidies should be re-shaped to encourage the 
preservation of environmental, labour and cultural resources;
□ Conventional systems are not sustainable, and show performance intermediate 
between intensive farms on the plains and in mountainous areas. Accordingly, a very 
similar strategy should be implemented, although it is important to consider that 
conventional systems are run by the smaller agricultural middle class. Accordingly, a 
gradual transition to more sustainable systems should be pursued, by applying a 
subsidy system oriented to promote training and investments.
7.3 Needed: strategies and policies
Surprisingly, very little has been written on the tremendous modernization of the olive oil 
sector which Spain has been experiencing since its entry into the EU. This sector was 
previously characterized by low economic efficiency, a low level of technology and little 
capitalisation. Pushed by what could be defined as the “productivist paradigm” implicit 
in certain community subsidy systems, production has been progressively redirected to 
maximise production and productivity, simultaneously increasing the quality of the final 
product.
As in most industrialized countries, this process involves a dramatic substitution of 
manpower with technology, manifested by the headlong run towards massive use of agri­
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industrial machinery and agrochemical inputs: these changes are generating heavy 
impacts on the socio-economic, environmental and cultural properties of rural areas, 
including depopulation, soil erosion, biodiversity loss, desertification, depletion of both 
habitat and landscape diversity, as well as —last but not least— severe impoverishment 
of cultural patterns and traditional lifestyles.
On the other hand, although it seems that almost all olive farmers have economically 
benefited by the current subsidy system which prizes production efficiency, those having 
easier access to capital and technology have taken most advantage from it:
□  Among the olive farmers, those with higher income (i.e. big landlords and 
speculators) who have been able to secure large community subsidies by 
industrializing traditional olive groves and planting new ones, thereby escalating 
land prices;
□  Trans-national companies in the agrochemicals and machinery sectors and, most of 
all, those marketing olive oil, who have been able to dominate the most remunerative 
phase of the overall production system.
If the subsidy system persists on the current path supporting only production efficiency, 
these effects are likely to become even worse. Thanks to the increasing substitution of the 
many casual workers —dominant in olive groves— with technology, Spanish production 
could show major growth, but it will be concentrated in the hands of a few landlords and 
speculators, while traditional systems managed by very numerous small farmers in ways 
which are more environmentally-sound and labour intensive will progressively be 
marginalized as less profitable.
How, then, can the policy be reconciled with the socio-economic costs associated with 
loss of jobs, income sources and traditional lifestyles in the less favoured strata of the 
rural population, several hundreds of thousands of small farmers and casual workers? Or, 
less evident but more persistent, the degradation of the Mediterranean rural environment, 
mainly desertification, depletion of biological resources, impoverishment of recreation 
habitats, but also road destabilization and exacerbated pollen allergy coining from the 
intensification of olive cropping?
However, heedless of this "collateral damage", the only principle impelling the EU to 
shift the subsidy framework (Common Market Organization, i.e.OCM) from encouraging 
production to rewarding the number of trees is the spectre of overproduction. Several 
Member States are firmly opposed to sharing costs resulting from overproduction. It is 
hard to make quantitative estimates of the future effects of the current "productivist" 
subsidy system: nevertheless, social demands such as employment and quality of life in 
rural areas are not likely to benefit from it.
Clearly, we are dealing with the most intrinsic problem of industrialized and post- 
industrialized patterns of development: technology and market opportunities are alluring 
for those who can benefit, but impose heavy social, environmental and cultural burdens 
on less favoured groups, for whom the political approach is not adequate. Clearly, it is a 
question of defining transparent and explicit objectives: the preservation of jobs,
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environmental and cultural resources must become the priority targets of community, 
national and regional policy-makers, who should work together to design consistent and 
appropriate systems to exploit the multiple roles rural areas can play beyond mere 
productive activity.
To achieve this, the outline of a two-pronged scenario is proposed:
/  Encouraging and helping smaller olive farmers to market not only goods but also the 
services coming from the olive oil production system, such as olive oil, handicrafts 
and rural, cultural and gastronomic tourism. In fact, since marketing is the most 
remunerative phase of the overall production system, this action should create a 
favorable environment to stimulate the less favoured farmers to become more 
entrepreneurial in this activity, by working together in a web-pattem analogous to the 
industrial district. This could be carried out by the creation of semi-public companies 
supplying to a whole complex of farmers and SMEs those market-oriented services 
that go beyond their own capacity —such as market analysis, design of process, 
product and image, promotion, publicity and marketing— as well as by means of 
dedicated training programs;
/  Designing different types of subsidies, specifically tailor-made to support those 
production systems and preserve jobs, environmental and cultural resources. The 
associated cost should be gradually assumed by progressive reduction of the subsidies 
which currently support high efficiency systems, which would receive less money, 
and therefore would be forced to become more active in marketing their products, 
benefitting from the other element of the scenario. A cost-effective, efficient and 
finely-tuned supporting information system should be set up utilizing the existing 
infrastructure of the agricultural dissemination agencies, well rooted in the productive 
structures.
In this light, this approach could foster a constructive dialogue between the olive sector 
and the policy makers, enabling them to internalize social, environmental and cultural 
objectives into market and technological processes. To sum up, the exploration of ways 
to make human activities more sustainable cannot disregard the range of roles production 
systems are called upon to play to fulfill human needs beyond mere economic activity: 
this is a serious challenge as it involves the reformulation of the visions shaping the 
relationships between human and natural systems.
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PartIV
Concluding remarks: Sustainable Development?
In this part the objectives, approach and structure of the study are summarised, 
identifying its most important achievements: the crucial issue of sustainable development 
lies in the need to extend the concept of environment to include socio-economic and 
cultural concerns by promoting the multiple roles productive activity should play to 
fulfill human needs beyond mere economic activity. Ethics emerges as the very principle 
to legitimate this vision, enabling the appropriate "equitable" role of man in the universe 
to be re-defined on the basis of two assumptions: the inherent right to exist of the whole 
of creation and the higher responsibility that man has to guarantee it because of the 
more developed consciousness with which he is endowed. Therefore, man should 
become the conscience of creation and creation should become the conscience of man, as 
both are so deeply mutually embedded as to be indistinguishable: in this light, the real 
challenge of sustainable development is clearly nothing but the ethical reformulation of 
visions shaping the relationships between and within human and natural systems.
1. Overall review
The overall objective of this work has been to explore the concept and real meaning of 
sustainable development, and to set out some underlying conditions for its promotion in 
the Mediterranean region.
In this light, the first part of the work set up an intellectual framework to provide a 
practical interpretation of sustainable development and to assess its characteristics. Key- 
issues were identified, leading to an operational definition of sustainable development 
and a tailor-made methodological framework to assess it in the Mediterranean region. 
From the failure of the "sectoral" concept of development, and from the analysis of the 
many definitions of sustainable development -  often obscure and nebulous -  it became 
clear that to promote sustainable development is a tough task, as it must consider global 
socio-economic, environmental, technological and cultural features. From principles 
which are generally accepted, three key-issues for sustainable development have been 
identified, in the absence of which sustainability seems certain to remain a phantom: 
these are the holistic approach, different space and time scales of sustainability, and the 
importance of equity.
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In this light, a new vision for sustainable development is set out: sustainable development 
is seen as a system approach to organize the sustainable interactions between natural 
and man-made systems, which in practise means the patterns by which human societies 
organize productive activities in a renewable and equitable wav utilizing natural. social, 
economic. human and cultural resources. to express what sustainable or "intelligent” 
technology is expected to deliver and "appropriate" policy is likely to promote. Emerging 
from this process, a new vision for a consistent methodological framework for the 
assessment and implementation of sustainable development has been set up, i.e. a tailor- 
made system approach, which introduces different scales and levels of analysis.
However, the widening gap between the more and less favoured worlds seems to 
condemn this definition of sustainability to remain a phantom. Accordingly, starting 
from a general overview of the Mediterranean region, the most relevant features and 
properties for sustainable development are identified and explored: natural and human 
resources, technology, socio-economy, production systems, environment and culture. 
This enables identification of the main bottlenecks which non-EU Mediterranean 
countries face, many of which result from economic globalization. In fact for less 
industrialized societies, globalization leads to progressive exclusion from the most 
profitable phases of economic activity, i.e. their marginalization, which jeopardizes 
sustainability. In this light, political strategies of regionalization have been set up to 
offset some of the negative effects of globalization, aiming at the incorporation of social, 
environmental and cultural objectives as components of economic development. This 
approach consists of connecting countries with strong economic differences into supra­
national regional spaces, promoting a 'virtuous' economic cycle in the less developed pole 
and -a  fortiori- minimizing the negative effects of marginalization.
Attention in Part I then turned to Euro-Mediterranean policies, as a major instrument of 
the EU to promote sustainable development around the Mediterranean and offset the 
negative effects of globalization. However, the Euro-Mediterranean Area encompasses 
regions with very different socio-economic conditions, which may jeopardize the success 
of the institutions being created. In the absence of successful technology transfers and 
appropriate redistributive mechanisms to less developed countries, destabilization and 
further migratory pressures may be expected. In this light technology -  interpreted as the 
pattern by which human societies organize production systems by utilizing economic, 
environmental, scientific, social and cultural resources -  can clearly play a pivotal role 
for the fulfilment of these objectives of cooperation and sustainable development.
Thus cooperation between richer and poorer countries emerges as the key-issue for 
sustainable development. For this purpose, strategic production activities are identified: 
the agro-food production industry -the largest employer in non-EU Mediterranean 
countries- has been identified as crucial, because of its importance in providing food and 
jobs in marginal and depressed areas, and for its impact in employment, environmental 
and cultural preservation. Due to its significance for the environment, society and culture 
of the Mediterranean, together with attractive economic and technological prospects, the 
olive oil industry is identified as a key activity for achieving the objective of sustainable
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development. Its principal socio-economic, agroecological, technological and cultural 
profiles were therefore explored.
As market prospects are improving dramatically for olive oil -  thus constituting a pivotal 
issue for the achievement of sustainable development -  the overall market forces 
determining the demand and supply profiles need a separate study to identify the socio­
economic forces and hence the most "appropriate" policies. Therefore, the second part of 
the work examined the policy options in more detail by analysing the market prospects 
for the overall oilseed complex -  and olive oil as a part of it -  for which globalization 
presents very attractive prospects. World demand and supply patterns were analysed to 
identify the drivers, mechanisms and dynamics that can be expected or desired according 
to the different policy scenarios.
The market for vegetable oil and olive oil has been identified as one of the most 
promising, as it is expanding worldwide. This increase is driven by demographic and 
income growth in some developing countries, e.g. South East Asia and South America, 
while in some wealthier countries, e.g. North America, EU, Australia and Japan, the 
driving force is consumer orientation towards healthy fats. Here olive oil could be the 
winner, if supported by active promotion and by consumer education. In this light, the 
olive oil production system is identified as a very promising sector for fulfilling the Euro- 
Mediterranean objectives of sustainable regional cooperation and employment-sharing, 
thanks to its Mediterranean character, with its importance for employment, environmental 
and cultural preservation in marginal and depressed areas, which are often important 
sources of migration.
These developments represent a very important chance for achieving the Euro- 
Mediterranean objectives of sharing jobs and sustainable growth all around this area. In 
fact, nearly all the world’s olive oil is produced and consumed in the Mediterranean 
region, three quarters of it in the EU. However, driven by the anticipated growth in the 
world market, non-EU olive-producing countries of the Mediterranean region could also 
benefit from this new opportunity for growth, reducing both poverty and migration.
In this light, strategies for socio-economic and technological cooperation ( i.e. active 
scenarios) have been assessed in comparison with pure competition between producer 
countries (i.e. trend or passive scenarios), to examine the contradictions between 
globalization and marginalization, and to explore the repercussions for the sustainability 
of the olive oil industry. From this analysis it becomes clear that olive oil could promote 
sustainable development in the Mediterranean only if cooperation between the EU and 
non-EU Mediterranean countries is effectively promoted.
For this purpose, expanding olive oil demand in wealthy countries and promoting 
technology transfers to non-EU Mediterranean countries may be the winning strategy to 
allow all countries around the Mediterranean to share world market growth, increase 
employment and protect the environment, by promoting the complementarity of their 
different production patterns. Failure to do this could exacerbate the existing gaps. 
Technology will be a pivotal factor in addressing employment-sharing and environmental
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objectives. The product and market differentiation option needs to be examined without 
excluding strategies for controlled mobility and training of the labour force throughout 
the whole Mediterranean region.
Emerging from this analysis, market and technological prospects alone are important but 
not sufficient to guarantee sustainable development. Policies should be formulated to 
take full advantage of these prospects without widening existing gaps; otherwise 
sustainable development could become an even tougher task. Nevertheless, provided that 
"appropriate” policies are shaped to promote sustainable exploitation of market and 
technological prospects, sustainable development requires analysis of other relevant 
issues for its achievement to be examined as part of a holistic analysis, i.e. history, 
human geography, technology, rural environment, society, environment and culture.
The third part of the work presented an example of this kind of analysis, taking as a case 
study the regional sustainable development of the olive oil industry: economic, 
technological, environmental, social, historical and cultural issues are considered in a 
specific case focused on Andalusia, the most important olive-producing region in the 
world. Additionally, it is the region of the EU which has been experiencing the sharpest 
modernization of its olive production system, particularly since the entry of Spain into 
the EU, resulting in dramatic socio-economic, environmental and cultural changes. The 
olive production system has been shown to play a pivotal role in the socio-economic, 
environmental and cultural characteristics of die less favoured Mediterranean regions, of 
which Andalusia is an example. It protects natural resources and landscape integrity, 
constitutes a significant share of the economy (informal especially), retains manpower 
and preserves cultural patterns in rural and marginal areas.
The most important olive-related technologies in the Euro-Mediterranean area have been 
identified, along with the characteristics which can make a technology attractive for both 
local and regional social actors in promoting sustainable development. The analysis leads 
to the definition of the field studies which are required. Historical and human geographic 
analysis of the agrarian and rural environment associated with olive growing has been 
used to enable the most important and representative types of olive growing farms in 
Andalusia to be identified, so that specific examples of each type can be examined. Basic 
literature, interviews with high-level experts (academic, national and regional 
functionaries and civil servants, entrepreneurs, politicians) and selected field case studies 
have been the main sources of information. This process allows the strongest socio­
economic, political, technological, environmental and cultural profiles, drivers and 
changes to be analysed systematically. To incorporate all these aspects, conventional 
methodologies have to be improved. New aspects of system methodology are therefore 
introduced, to include historical, political, social, economic and cultural issues, while the 
conventional environmental analysis has been extended to biotic resources, ecosystems 
and landscape to identify the complex interactions, implications, contradictions and 
synergies between them which define and constrain the scope of sustainable 
development.
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Thus the study has established the basis for a historical and socio-economic analysis of 
olive production systems integrated with the assessment of the environmental and 
cultural profile by extending the Life Cycle approach. Application to olive oil production 
demonstrates how this holistic system approach makes clear the characteristics of 
alternative production systems, and exposes the crucial relationships between societal, 
economic, environmental and cultural factors on which policy should focus to promote 
sustainable development.
2. Andalusian lessons for the Mediterranean
The analysis carried out for the olive sector in Andalusia suggests some general 
considerations to promote sustainable development in the SEMC, by exploring how this 
study can contribute to promoting sustainable development in southern and eastern 
Mediterranean countries, i.e. SEMC.
The analysis needs to incorporate sharing of employment, environmental and cultural 
objectives: the technological choice should consider the classical options of:
□  product and market differentiation;
□  strategies for controlled mobility and training of the labour force throughout the 
whole Mediterranean region (i.e. “horizontal” migration in the agricultural sector).
As in Andalusia before entry into the EU, the olive sector in SEMC is characterized by 
low economic efficiency, a low level of technology and little capitalisation. SEMC are 
not expected to experience exactly the same process within the framework of Euro- 
Mediterranean policies, but economic and technological support is likely to promote 
similar industrialization in their olive sector. This could involve a dramatic substitution 
of manpower with technology, manifested by the headlong run towards use of agri­
industrial machinery and agrochemical inputs: these changes are likely to generate heavy 
impacts on the socio-economic, environmental and cultural properties of rural areas, in 
the way which has been occurring in Andalusia and which has been identified in the 
present work. These impacts include depopulation, soil erosion, biodiversity loss, 
desertification, depletion of both habitat and landscape diversity, as well as —last but not 
least— severe impoverishment of cultural patterns and traditional lifestyles.
In this light, cooperation policies should examine the following considerations to promote 
sustainable development of the olive industry in non-EU Mediterranean countries:
v' SEMC production could show major growth, but the benefits will be concentrated in 
the hands of a few landlords and speculators, while traditional systems managed by 
very numerous small farmers in ways which are more environmentally-sound and 
labour intensive will progressively be marginalized as less profitable.
S  As shown in the Andalusian olive industry, the industrialization of olive production in 
SEMC is likely to show important rise in profitability in the short-term, but will 
severely affect both environmental equilibria and cultural heritage in the long term: 
soil erosion, biodiversity loss, ecosystem depletion and impoverishment of traditional
272
cultural patterns are expected to become the principal factors jeopardizing 
sustainability in SEMC.
This scenario seems to be the most likely outcome in the framework of the current 
cooperation policies which prioritise production and productivity. Nevertheless, the 
objectives articuated in Euro-Mediterranean policies -described in Part I, sections 2.5 
and 2.8- open up new prospects where different approaches could be developed to 
promote sustainable development in the Mediterranean, with a specific focus on the 
SEMC. Accordingly, as shown in Part III for Andalusia, some general considerations can 
be drawn as the basis of consistent cooperation policies for the olive industry:
✓ Traditional systems dominate in the SEMC, and are based on integrated olive and 
livestock production: even if much more environmentally, socially and culturally 
effective than all the other systems, their economic performance is lower, due also to 
their location in marginal mountain areas. As a consequence, they are expected to 
disappear -as has happened in Andalusia- if industrialized systems are promoted by 
conventional programmes of technological and financial cooperation. This will give 
rise to serious environmental, social and cultural impacts. Clearly, market conditions 
are pivotal for their survival. In Andalusia their economic income depends mainly on 
subsidies for organic production, which in SEMC are expected to play only a 
marginal role. Accordingly, cooperation policies should strengthen their economic 
performance per se. It is clear that the economic performance of traditional farms and 
the environmental performance of large technology-based farms could be improved 
by exploiting the cross fertilization of their experiences: the economic organization of 
traditional farms is weak, which make them vulnerable to "more efficient" 
competitors. In this light, processing and marketing should be implemented and 
integrated all along the production chain by means of dedicated cooperatives which 
could be promoted via training programmes. Both financial and technological 
cooperation activities should become more consistent to fulfill these objectives: 
dedicated instruments are to be developed especially to improve marketing 
performance, while technology could design more efficient organizational profiles 
and site-specific techniques to protect soil and biodiversity, such as planting 
hedgerows and naturally wooded areas. This could allow complementary activities to 
be carried out -such as rural, gastronomic and cultural tourism- which could enable 
additional income to be generated and the cultural heritage associated with olive 
farms to be preserved. This is the real challenge, as even in Andalusia the share of 
these systems is actually limited to less than 1% of production.
S  Current systems based on conventional agrochemical and mechanical inputs produce 
a significant depletion of environmental and cultural resources, and are therefore 
clearly not sustainable, especially in mountainous areas where both the quality and 
the vulnerability of natural and human environments are higher. These systems 
derive from the old-style capitalist system based on latifundia, which belong to the 
higher social strata -who vary from one SEMC to the other, eg. royal family in 
Morocco, nobility and religious orders in Syria, higher middle class in Turkey and 
Tunisia. As these systems produce a significant income, they are expected to become 
dominant in a conventional cooperation scenario based on enhancing productivity.
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Technology can contribute only marginally to the improvement of the overall 
environmental profile-for example, by means of cropped vegetal covers- but is not 
sufficient alone to make them sustainable. Accordingly, a gradual transition to more 
sustainable production patterns should be pursued, by applying consistent training 
and investment systems.
Summarizing, promoting labour intensive, ecological and traditional olive farming 
activities should be prioritised as one of the most sustainable scenarios, fulfilling 
simultaneously the objectives of environmental, social and cultural preservation. This 
target could be achieved only by encouraging and helping smaller olive farmers to market 
not only goods but also the services coming from the olive oil production system, such as 
olive oil, handicrafts and rural, cultural and gastronomic tourism, integrating them in an 
overall diversified system of economic activities. This should become the principal theme 
and framework of cooperation activities between the EU and SEMC in the olive industry, 
aiming to provide all the actors with dedicated technological, market and training 
activities.
Clearly, this approach could foster a constructive dialogue between the olive sector in the 
SEMC and the EU policy makers to fulfil common objectives of sustainable development 
in the Mediterranean region. Finally, this will enable social, environmental and cultural 
objectives to become internalized into market and technological systems and processes.
In this light, sustainable development has to be directed to promote all the diverse roles 
which production is called upon to play to fulfill human needs beyond mere economic 
activity. This is a particularly serious challenge when it involves a set of countries with 
great socio-economic, technological and cultural differences: nevertheless, because of the 
common environmental and human heritage, it is possibly the only way to reformulate 
the visions shaping the relationships between human and natural systems.
3. Managing Sustainable Development
This study of olive industry has demonstrated why the challenge posed by sustainable 
development —sometimes termed by EU policy-makers Management of Change -  must 
focus on the relationships between natural and man-made systems in order to achieve a 
better understanding of the possibility of managing them properly. In this light, historical, 
socio-economic and technological changes clearly have major implications for 
environment, society and culture, as they open new prospects to foster sustainable 
development by utilising natural, economic, human and cultural resources both on a 
equitable basis and in a renewable way.
As becomes clear from the failure of sectoral approaches, the answer to the problem of 
sustainable development lies clearly in the process itself: highlighting the need to extend 
the concept of environment to include socio-economic and cultural concerns, by framing 
an integrated methodology to assess sustainability by considering its key-issues. This
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demands a holistic approach, recognising the different space and time scales of 
sustainability and the importance of equity.
In this light, assessing sustainability of human activities involves considering the impacts 
of production processes, activities and/or policies both upstream and downstream of their 
immediate points of application. In this way, the less obvious —but perhaps equally or 
more important—indirect impacts of human activities are revealed. Technology -  seen as 
the pattern by which human societies organize production systems by using the inputs 
and interactions coming from the socio-economic, environmental, technological and 
cultural spheres -  has transverse and longitudinal dimensions to be explored and analysed 
in a policy-making perspective: this allows the identification of their interactions, 
implications, contradictions and synergies, and the ways in which they define and 
constrain the scope of sustainable development
The pattern of interaction between natural and man-made systems is the crucial issue of 
sustainable development. Generally speaking, man-made activities -  where production 
processes take place -  are framed in an overall complex of natural systems, functions and 
relationships structuring the “environment” in the original thermodynamic sense. This 
concept should be in principle considered as the whole planet, but could be limited to 
those interactions between production and natural systems which are considered 
significant. This defines the different scales to be considered in the analysis of sustainable 
development.
This points to the need for management tools that can compare the impacts of alternative 
practices and types of production, highlighting the trade-offs between social, economic and 
environmental impacts. Accordingly, the approach should treat the natural and man-made 
systems in an equitable way, and should be sufficiently flexible to accommodate the 
different sets of incomplete knowledge which may be considered.
Given that socio-economic, environmental and cultural systems are mutually embedded 
and interdependent, the methodological framework for exploring the challenge of 
sustainable development must lie in a system approach which encompasses the different 
production systems and their related technologies as characterized by job creation, 
economic growth, environmental protection and social welfare. Approaches that 
integrate socio-economic, environmental and cultural impacts through system analysis at 
the holistic level are therefore essential, but are at an early stage of development. This 
work has attempted to contribute to this development by:
□  Identifying and, where appropriate, developing appropriate measures of socio­
economic, environmental and cultural factors;
□  Developing an integrated approach to enable these factors to be incorporated into 
existing decision-making processes.
This approach permits complex problems to be organized and structured, focussing on 
the interactions between man-made and natural systems in a flexible way: it allows 
evaluation not only of the central process characterizing a given production activity, but
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encompasses the whole complex of relationships surrounding the production system. 
Summarizing, the system approach operates at four levels:
/  it facilitates collection, verification and presentation of information on technology, its 
use, and future spin-offs;
/  this information enhances the possibility of detecting opportunities and bottlenecks, 
and analysing their relationship to the market, environment and society, as well as 
their impact on competitiveness, employment and the economy more generally;
/  it provides social actors with a framework to promote the management of change, 
acceptable in terms of both cultural patterns and social demand;
/  finally, the analysis highlights the implications of possible technological scenarios for 
sustainable development.
Generally speaking, the socio-economic, cultural and environmental impacts cannot be 
substituted nor summed. In fact, sustainable use of environmental resources constitutes 
the basis for a production system to generate other benefits, i.e. economic, social and 
cultural, so that depletion of environmental resources removes any possibility for 
productive activities to be sustained. Thus, sustainable development is possible only if the 
balance of environmental resources is not negative in either the spatial or time scale of 
the policy in question.
In this light, the definition of sustainable development embraces sustainable use of 
environmental, economic and human resources in a policy perspective. Therefore it is 
necessary to include socio-economic and cultural benefits, expressed in the concept of 
social development (or social quality): this is based on the principle of equity in 
distribution of socio-economic resources, which integrates economic profitability, 
efficiency in generating jobs and preserving cultural heritage and traditional lifestyle 
patterns. This depends mainly on the level of interaction between policy and both 
historical and socioeconomic forces: accordingly, sustainable policy is expected to 
promote the maximum level of equity by generating jobs, economic and cultural 
prosperity in as equitable a way as possible within these constraints.
Generally speaking, the real problem of development lies in the fact that technology and 
market opportunities are attractive for those who can benefit, but impose heavy social, 
environmental and cultural burdens on less favoured groups, for whom the political 
approach is not adequate. In this light, the preservation of environmental and cultural 
resources along with employment opportunities must become the priority for sustainable 
development to exploit the multiple roles productive activity should play to fulfill human 
needs beyond mere economic activity. This requires perspectives to be identified, and 
transparent and explicit objectives to be re-defined: equity emerges as the crucial and 
pivotal issue for sustainable development, as it constitutes the very principle on which 
sustainable development has to be philosophically and ethically grounded. In fact, the 
deeper problem of the concept of sustainable development is its legitimacy.
The pivotal issue is to answer to the question "why sustainable development?". To 
legitimate the view of sustainable development on which the present work is based, it is
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necessary to de-legitimate conventional views of development, based on utilitarianism.
The answer is necessarily an ethical issue, as it lies in re-defining the appropriate role of 
man in the universe. If not, sustainable development remains an end-of-pipe solution, and 
risks becoming an empty concept expressing a vague and nebulous "green and good- 
Samaritan" new anthropocentrism. In fact, sustainable development is often invoked 
because of the failure of conventional patterns of "development", which are no longer 
efficient in guaranteeing to man his anthropocentric role in the universe, as they cause his 
dominions to be eroded. In this vision, old mistakes are reformulated in new guise: 
sustainable development is seen as a more efficient pattern of exploitation of natural 
resources, and this grounds its legitimacy. Clearly, in this vision the philosophical basis 
remains very weak and distorted, as it focuses on better efficiency as a way to 
consolidate the perspective of man as the dominator of the universe. Therefore, 
sustainable development is "invented" as something "good and new", but the good is not 
new and the new is not good, as the concept of development is improved only 
superficially. Definitely, it remains a palliative to retain conventional utilitarianism but 
with a new flavour, by giving green alms to man's conscience.
In fact, sustainable development should not be invoked only because it has become 
necessary, but the fact that it cannot be disregarded points out that the conventional view 
of development is intimately distorted, self-undermined and contradictory: that comes 
from the lack of ethical concerns, which makes sustainability a semantically extraneous 
concept to the conventional idea of development. Clearly, the answer to the question of 
"why sustainable development?" is to be ethically framed in the concept of equity, which 
lies in the re-definition of the appropriate role of man in the universe: this must be 
based on two axioms -or declarations of faith:
/  The whole of creation has an inherent right to exist:
/  Man has been endowed with unique privileges. lying in the more developed stage of 
consciousness he received, which also allows him to be more efficient in 
transforming natural systems; therefore man has a higher responsibility vis-a-vis the 
whole of creation, and accordingly has to develop a higher sense of moral 
trustworthiness.
This vision comes from cultural patterns which are not currently dominant, as their 
economical and technological performance is less efficient because of the different 
perspective -  definitely ethical- of respect and contemplation of creation which inspires 
them. In this vision, man is no longer dominating nor conquering creation -as the 
conventional vision of development assumes- but has to respond to higher 
responsibilities, precisely because of the many privileges and gifts with which he is 
endowed. In this light, man should become the conscience o f creation, while equally 
creation should become the conscience of man. Only in this perspective is he enabled to 
become its appropriate steward: in fact, the conscience of man and of nature are so 
deeply mutually embedded as to be indistinguishable.
Summarizing, the real challenge of sustainable development is clearly nothing but 
ethical, as it involves reformulating visions shaping the relationships between and within 
human and natural systems.
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1. Sustainable development: what is it for?
Tab.l Main spheres in sustainable development
• Ecology and thermodynamics: the physical laws and relationships that shape 
ecosystems. Perspectives on this area are described as “Environmental”;
• Microeconomics and technology: the economic relationships, structures and products 
that shape business system. Perspectives on this area can be described as “business- 
oriented”.
• Social, cultural issues and macro-economics: the social structures and issues that 
shape society, reflecting people’s values. Perspectives on this area can be described as 
“Socio-cultural”.
• Policy: this overarching lobe involves all the previous areas and define the rules of 
their mutual position.
Policy
Ecology and 
Thermodynamics
Macro­
economics
Society
Culture
Microeconomics
Technology
SD = Sustainable Development (Source: reworked from Clift, 1997)
2
2. The Mediterranean region
The physical profile
Tab.l Bioclimatic zoning of the Mediterranean region
Zone Yearly rain (mm) Aridity Index Area % Land use ,
Hyper-arid <100 0.05 41 Desert and oasis
Arid 100-400 0.05-0.28 37 Extensive cereals and 
arboriculture
Semi-arid 400-600 0.28-0.43 7
Sub-humid 600-800 0.43-0.60 6
Humid 800-1200 0.60-0.90 7 Agriculture,garrigas 
Medit.forest
Hyper-humid >1200 >0.90
Data reworked from Le Houerou,, 1991.
Tab.2 Water renewable resources and Explotation Index (El) in the Mediterranean
Country Renewable water 
oer head ('m3/v/inhl
Consumption of 
fossil resources (%)
Spain 1 909 64,3 1,0
France 5 827 23,2 0,0
Portugal (no data)
Italy 3 262 49,0 -
Malta 200 49,0 -
Ex-Yugoslavia 28700 1,9 -
Albania 15385 5,9 -
Greece 5 836 11,8 -
Turkey 5 000 10,0 -
Cyprus 1 286 42,0 -
Northern Rim 4 512
Syria 2 963 47,0 -
Lebanon 1380 17,4 -
Israel 371 106,0 18,0
Egypt 1 078 91,0 0,4
Lybia 230 157,0 45,5
Tunisia 490 64,5 0,9
Algeria 545 15,6 -
Morocco 1 460 29,0 -
Southern Rim 884
Source: data reworked from Plan Bleu, 1989.
3
The human resources
Tab. 2.2.1 Population growth in the Mediterranean basin
Year 1950 1980 1985 2000 2025
Population (millions) 212 333 356 433 547
Multiplying factor 
(referred to 1980)
- 1 1.07 1.33 1.64
Yearly growth rate - 1,51 1,34 1,33 0,94
Mediterranean/world 
population (%)
8,4 7,5 7,4 7,1 6,7
Source: Plan Bleu, Nations Unies 1988
Tab. 2.2.2 Population growth in the Mediterranean basin
0*%
Spain 28.0 39.2 43.0 2,6
France 41.7 56.4 63.0 3,2
Greece 7.5 10.0 10.0 0,0
Italy 47.0 57.6 55.0 -1,3
Portugal 8.0 10.3 11.0 1,9
EUM 132.5 173.9 182.5 1,4
Algeria 8.7 25.0 52.0 21,1
Lybia 1.0 4.5 14.0 33,0
Morocco 8.9 25.1 48.0 18,7
Tunisia 3.5 8.2 14.0 15,4
Egypt 20.0 52.4 86.0 14,3
Turkey 20.6 55.9 92.0 14,3
Syria 3.5 12.5 36.0 30,7
SEMC 66.2 183.6 342.0 18,0
Total
Mediterrane
212.03 361.23 547.03 10,4
an
Source: Allaya,e ta l.,  1993; (a). Plan Bleu, 1989
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Two M editerraneans: bottlenecks and potentialities for coooperation  
Tab. 2.3 Planned EU financial aids to SEMC (millions ECU)
iS M W m y- * * , *
549.4 700 1442.6 1763 5500
Source: Conseil Europeen, 1995
Tab. 2.4 Sectoral priorities of the EU aids for the Mediterranean (period 1995-1999)
Sectoral aid Billions Ecus
1. Aid to the economic transition 2.3
• Business sector 1.4
* Expertise for privatisation 0.7
* Risk capital 0.4
* Professional training 0.3
* Long-term loans -
• Structural adjustment 0.5
• Infrastructures 0.4
2. Aid to a better socio-economic equilibrium 2.6
• Social infrastructure 1.0
• Education 0.4
• Health care 0.3
• Rural development 0.6
• Environment 0.3
3. Aid to regional integration 0.6
• Decentralised cooperation 0.3
• Other regional actions 0.3
Total ; V - ' : 5.5 V  . *'
Source: Conseil Europeen, 1995
Tab. 2.5 Global tranfers and its components in the Maghreb and Portugal (1989- 
1992)
Debt s GloballliM .KS
Algeria
Morocco
Tunisia
Maghreb
Portugal
1724
7441
2201
11363
16817
-47
1076
661
1690
7563
33648
7219
4927
45794
17999
-9783
561
109
-9113
7558
Source: data reworked from The World Bank, 1995.
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Tab. 2.6.1 GDP using Purchasing Power Comparison (PPC) in 1991 and 1994
H f iflglTllt11 lll^gjilil till fi ij iftffij Bfyigfijiii li ilttiiiig|| 
| r - a -.' \
EU (12) | 57.3 -
EU (15) - 16179
SEMC* 125.14 4371
Developing SEMC ** | 20.06 4480
*Southem and Eastern Mediterranean Countries without Palestina 
**Southern and Eastern Mediterranean Countries without Israel, Cyprus and Malta 
Source: the most updated data are taken from The Economist Intelligence Unit, 1995; United 
Nations, 1995; Bensidoun and Chevallier, 1996a; EUROSTAT 1993 and 1995
Tab. 2.6.2 GDP using Purchasing Power Comparison (PPC) in 1991 and 1994
li'fl fl IllpIIprllijll
Ireland 53.98 13007
Finland 74.28 14839
Sweden 80.69 16809
Austria 83.08 17452
Belgium 77.46 17354
Denmark 78.7 19135
Luxembourg 111.14 24212
Netherlands 74.14 17099
United Kingdom 70.45 16499
Germany 76.82 17117
France 82.4 17917
Italy 76.1 16910
Spain 57.33 12489
Portugal 46.4 10916
Greece 43.23 8180
Turkey 16.67 6095
Jordan 22 4142
Algeria 25.5 3002
Syria 23.6 5320
Egypt 16.3 3847
Tunisia 21.2 4898
Morocco 15.1 3364
Lebanon - 3317
Cyprus - 11804
Malta - 10821
Israel 60.8 12635
Source: the most updated data are taken from The Economist Intelligence Unit, 1995; United 
Nations, 1995; Bensidoun and Chevallier, 1996a; EUROSTAT 1993 and 1995
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The Euro-Mediterranean trade gaps
Tab. 2.7.1 Trade profile of the EU per denstination area
World 1428.5 1444.5 -16 100 100
EU 883.5 883.5 0 61.8 61.2
Other West 151.4 144.8 6.5 10.6 10
Europe
North 101.6 106 -4.4 7.1 7.3
America
East Europe 45.1 43.6 1.5 3.2 3
SEMC 43.4 32.9 10.6 3.0 2.3
Rest of Africa 21 17.9 3.1 1.5 1.2
Gulf countries 36.1 29.3 6.8 2.5 2
Latin 32.7 30.4 2.3 2.3 2.1
America
Aus-NZ 17.1 14.5 2.7 1.2 1
Japan 27 60.4 -33.4 1.9 4.2
China 8.5 16.7 -8.1 0.6 1.2
Rest of Asia 65.3 64.6 -3.6 4.3 4.5
Source: data reworked from Chevallier, 1995.
Tab. 2.7.2 Trade profile of the SEMC per destination area
WBSrr
W orld 59 84 -25 100 100
E U 32.9 43.4 -10.6 55.7 51*7
O ther W est 2.4 5.2 -2.8 4 6.2
Europe
N orth 7.5 12.1 -4.5 12.8 14.4
America
E ast Europe 2.7 3.9 -1.1 4.6 4.6
SEMC 2.8 2.8 0 4.7 3.3
■ Rest of Africa 0.5 0.6 0 0.9 0.7
; Gulf countries 3.1 4.9 -1.8 5.2 5.8
Latin 0.8 1.6 -0.8 1.4 2
America
Aus-NZ 0.4 1 -0.6 0.7 1.2
Japan 1.4 3.9 -2.5 2.4 4.6
China 1.1 0.8 -0.8 1.8 0.9
Rest of Asia 3.4 4 -0.6 5.9 4.8
Source: data reworked from Chevallier, 1995.
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Tab. 2.7.3 Trade intensity1 of the EU in the proximity zones (1992)
i iM -  /. 'tlSnSBBEBBSk h i
Other West European countries 2.4 2.3
Africa 2.0 1.7
SEMC 1.9
Eastern European countries 1.4 1.0
Source: data reworked from Chevallier, 1995
Tab. 2.7.4 Evolution of EU share in SEMC trade and GDPm jBftj
Algeria 77.9 71.1 18.1 14.8
Morocco 66.5 64.2 10.6 15
Tunisia 64.1 75.6 10.8 24
Egypt 31.3 45.5 4.3 10.5
Turkey 50.2 48.8 3.1 8.1
Israel 46.9 44.7 7.8 10.1
SEMC 50.6 52.2 7.4 11.1
Source: data reworked from Chevallier, 1995
Tab. 2.7.5 Euro-Mediterranean trade in 1992 (billions $)
■ * ;/n; / I
’*! i\l
< m m m n  ^
Agro-food 4.1 3.8 0.3
Manufacture 38.3 15 23.3
Energy 0.7 12.4 -11.7
Minerals 0.4 0.6 -0.2
Total 43.5 32.9 10.6
Source: data reworked from Chevallier, 1995
1 The indicator of trade intensity It is set up to show whether the trade between the EU and the SEMC is at 
a “normal” level considering the economic weight of the two regions in the world trade (Chevallier, 1995, 
p269). This allows to identify the zones of proximities of the trade (where the indicator is > 1), which 
means that the the areas concerned witness a trade flow higher than that expected from their weight in the 
world balance. This indicator is to evaluate the position which one country occupies within the trade of a 
partner country relatively to its position in the world trade (W). It is reckoned for the exports (X) of i to j 
(that means the imports of j from i) (Xij/Xi) /  (MjAV), and for imports (M) of i from j (that is the exports 
of j to i) (Mij/Mi) / (Xj/ W). The indicators are equal to 1 when the bilateral flows are strictly proportional 
to the economic weights of the two partners within the world trade.
Tab.2.7.6 SEMC exportations towards the EU in 1992 : sectoral shares (%)
* / •>:Ml \
Agro-food 41 15 12
Manufacture 11 18 47
Energy 40 62 39
Minerals 9 5 2
Source: data reworked from Chevallier, 1995
Tab.2.7.7 SEMC share of non-EU importations of the EU in 1992: sectoral shares
(%)  _____
.’Jih ‘/.W/.I
Agro-food 6 4.7 5.9
Manufacture 0.9 2.1 3.9
Energy 9.8 8.4 15
Minerals 5.5 7.6 5.7
Source: data reworked from Chevallier, 1995
Tab.2.7.8
Sectoral composition -per country- of the SEMC exportations to the EU (expressed 
in%, year 1992)
Agro-food 0.4 26.2 10.7 16.3 8.4 21.3 12
Manufact. 1.9 65.3 78.3 79.3 30.3 76.3 47
Energy 97.4 1.8 9.9 2.4 60.4 0.1 39
Minerals 0.3 6.7 1 1.8 0.9 1.8 2
Total 100 100 100 100 100 100 100
Source: data reworked from Chevallier, 1995
Tab. 2.7.9 Main countries share by sector of the SEMC exportations to the EU 
(expressed in%, year 1992)
Agro-food 0.9 26.5 8.6 33.0 6.6 20.6 100
Manufact. 1.0 16.6 15.8 40.5 6.0 18.7 100
Energy 64.6 0.5 2.4 1.5 14.4 0.0 100
Minerals 4.7 43.7 5.4 23.1 4.5 11.5 100
Total 28.9 13.1 9.6 25.9 9.3 10.4 100
Source: data reworked from Chevallier, 1995
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3. The agro-food sector in the Mediterranean: what is it for?
Basic profile of traditional food products
 • Cereals
Cereals, and particularly wheat (hard or soft), are the most developed agroproducts in the 
Mediterranean. Although wheat is a typical Mediterranean crop, this area has long since 
ceased to dominate its production. Wheat production has prospered in wider areas, best 
represented by the North-European and North-American plains.
This situation concerns EU micro-regions which, except for northern Italy (Piemont, 
Lombardia), have to compete with the outstanding cereal basins. Such distortions are 
even more marked for the southern rim countries with poorer productivity. Furthermore, 
the increasing needs linked to demographic growth and urbanization in these countries 
give rise to a structural deficit in cereals.
Intermediate between the two groups is Turkey which has made remarkable progress 
during the last years, and is now self-sufficient. This shortfall turns the Mediterranean, 
and notably the principal southern countries (Maghreb and Egypt), into a zone where 
huge international manufacturers, and to a lesser extent Australia and Argentina, 
compete. The food industries associated with the cereal branch are classic, going from the 
basic transformation of grains to the manufacture of cereal-based goods. They are spread 
throughout the zone, most often near ports and centres of consumption. International 
exchange takes place from the agricultural product (cereal in bulk), or after a first 
transformation (flour). These exchanges are largely controlled by specialized 
international operators (Cargill, Continental, etc).
• Vine and olive
Together with wheat, vines and olives form the symbolic triad of agriculture. However, 
unlike wheat, vine and olive production and downstream activities are of major 
importance in the Mediterranean. In fact, the region keeps a position of leadership for 
both products, and of quasi-monopoly for the olive tree. Moreover, these two branches 
give products which must be processed close to the point of cultivation: wine from grapes 
and oil from olives. On the other hand, direct utilisation of the basic products, i.e., edible 
olives and grapes, is of minor importance in comparison with the transformed products. 
These considerations should in principle favour powerful food industries in both 
branches, placing the Mediterranean in a very strong competitive position worldwide.
However, this is not the case because of two distinct reasons:
-the viticulture section in the Mediterranean often suffers from quality problems when 
compared to other production pools;
-the Mediterranean olive branch has, by contrast, no direct competitor for its product. 
Rather, it is the product itself that is challenged by other subtituting products, particularly 
by other vegetable oils (groundnut, rapeseed, sunflower, etc.). Use of these alternatives is 
growing through imports, thus modifying the Mediterranean consumption profile.
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Italy and Spain are world leaders in production and consumption of olive oil, virtually 
maintaining a monopolistic position from which Greece is still sensibly far away. Spanish 
olive oil currently represents 30% of the world's production, though a big part of the 
demand (around 22%) is domestic. In the last years, Spain's average exports reached 
about 30% of the production; this means slightly more than 540,000 tonnes of oil 
(production of the last decade), from which between 132,000 and 145,000 tonnes have 
been absorbed annually by the European market, and the rest by other countries (the 
world average annual consumption ranged from 1.5 to 1.7 million tonnes). In recent 
years, production has grown at a rate slightly higher than consumption. Excepting for the 
last campaign, which suffered from drought and frost, production has been increasing by 
3.2% every year, compared to 2% for consumption. Estimates for the year 2000 sum up 
to 767,000 tonnes, almost 50% of that for the whole EU.
The Spanish domestic market would absorb about 485,000 tonnes. Although on average 
annual volume of olive oil Spain has been doing better than Italy (except for the 1992-93 
campaign), the domestic market capacity of the latter has been larger in the last decade. 
This makes Italy the first olive oil consumer, even though its consumption rate is falling 
by -0 .2% each year, which allows to forecast a consumption of 615,000 tonnes at the 
2000 horizon, i.e. 44% of the total for the EU (10% more than in Spain), the two 
countries together absorbing therefore 80% of the EU total consumption. Greece is going 
through an expansion period. Its growing olive harvests will lead the country to take over 
more than 22% of the olive oil produced in the EU. Moreover, as decrease in 
consumption is apparent in Greece, the export volume is expected to increase every time 
SEMC countries' demand grows. On the contrary, Portuguese production is forecast to 
fall, which would result in a rise of consumption, absorbing 2% of the EU demand; a 
significant growth if one considers that during the 90s Portuguese consumption leveled 
off at around 0.3-0.4% of the EU total.
A dominant characteristic of France is now the expansion in olive oil consumption. Its 
declared production -  only 2,000 tonnes- is insufficient to cover even 10% of its needs 
currently assessed at around 30,000 tonnes. Consequently, an increase in demand of 
about 3% per campaign is predicted.
The Maghreb, with the leadership of Tunisia, is the only region able to compete with 
production in the EU. Presently, the North African Arab countries contribute 14% to the 
world's olive oil production and display solidly growing export dynamics. Tunisia could 
be producing almost 230,000 tonnes of olive oil by the year 2000, quadrupling the 
estimates for Morocco and trebling that for Syria. Algeria, whose current production 
amounts to 17,000 tonnes per year, could reach 32,000 tonnes within five years. All these 
countries consume less oil than they produce, though Morocco and Algeria show growth 
in their domestic markets.
The European Union is a net olive oil importer in general, with the obvious exceptions of 
Spain, Italy and Greece. Nevertheless, the main olive oil importer is the USA. The 
Americans seem ready to import almost 150,000 tonnes in the next five years, as their
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production just exceeds 1,000 tonnes. The case of Australia is similar: consumption is 
projected to amount to 23,000 tonnes in the year 2000.
;____ Meat products
Bo vine-breeding is not an important activity in the Mediterranean. As for cereals, the 
production systems in this region perform less well than in Northern Europe or in 
America (with the North of Italy the only exception). The situation is even more critical 
along the South-East coastline. By contrast, the region is quite specific to small ruminants 
(sheep and goats), whose production is significant at a global scale.
Taking into account the demands of an ever growing population, the heavy prohibition 
on pork in muslims countries, and despite the contribution of aviculture, the south- 
Mediterranean supports a structural deficit in meat products. As a result, there is a 
negative evolution in the structure of consumption, leading to dependence on imports.
 •____ Milk products
Milk products reflect animal husbandry. As far as cows’ milk is concerned, the 
Mediterranean furnishes little production, being largely relient on external production. By 
contrast, it produces sheep or goat milk in volumes high enough to develop an industry of 
specific milk products, like cheeses (for example Roquefort) or yoghurts. For the 
Mediterranean countries, the weakness of national supply is the basis for dividing the 
milk branch in two: one corresponding to artisanal production, the other
and more industrial, based on imported milk powder.
 •____ Fish and sea- food
Any consumption model for the Mediterranean has to consider sea-products which are a 
traditional nutritional element to coast-living people, in particular, to islanders. 
Paradoxically, these products have less impact than one might think, as here also fishing 
is artisanal in approach, with performances (with the exception of Spain) largely inferior 
to big shipping (eg., Japan). It remains that certain fishing products are specifically 
Mediterranean (e.g. anchovy) and have given rise to a specialized industry. Nevertheless, 
this continues to rely on old conceptions (canned food), where consumption is slowing, 
instead of more modem ones (cold chain, pre-cooked food) that receive most public 
acceptance.
• Citrus
Although non-Mediterranean in origin, citrus fruits have adapted perfectly to this region 
whose pedo-climatic characteristics suit them well. At present, the Mediterranean has 
become the first production pool in the world for many citrus fruits, notably oranges. 
Certain regions of Spain, Israel or Morocco can be compared to big Californian 
producers. These zones are quite competitive, working vitally for the international market 
and, in particular, the European one. Elsewhere, production systems are more 
fragmented, producing essentially for nearby markets. These productions have given rise 
to food industries (fruit juices) which however remain marginal, and the 
commercialization of which is made on the basis of fresh produce simply processed. This
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entails a specific dependence on the time of the year, as market conditions may change 
over the period of a few weeks.
• Protected crops
This expression does not designate a special category of products, but a way of farming 
(culture under tunnels, hothouses, etc). It remains that these production schemes concern 
more particularly certain products such as tomatoes which are a recent commodity in the 
Mediterranean. Indeed the zone has become one of the first world's producers in this 
field, at the same time allowing the supply of fresh products as well as the creation of 
specialized processing units (concentrates, etc). However, although representing efficient 
use of land, these crops require relatively large investments which are not inevitably 
regarded as the best possible choice among other alternatives (e.g., housing or tourism).
Two Mediterranean agro-food systems: what are the gaps?
Tab.3.1 Evolution of the agricultural share of GDP (i.e. GDP-A) in the 
Mediterranean
Zone GDP (billions $) GDP-A (billions $) GDP-A/GDP
1965 1989 1965 1989 1965 1989
EUM 198 2285 21 92 10,5 4,0
SEMC 40 338 43 24,0 11,0
Total Med 238 2623 30 135 12,5 5,0
Source: Data rewor ked from Allaya et al., 1993 (data coming from Medagri database)
Tab.3.2 Productivity per agricultural wor ter in thousand US $ :i989)
Israel 24.2 Jordan 4.9
France 20.5 Algeria 4.6
Italy 19.9 Ex-Yugoslavia 3
Spain 11.7 Tunisia 1.9
Lybia 7.5 Morocco 1.3
Greece 5.1 Turkey 1.1
Portugal 5.1 Egypt 1
Source: Data reworked from Allaya et al., 1993 (data coming from Medagri database)
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Spain
France
Greece
Italy
Portugal
Ex-Yugosl
Algeria
Libya
Morocco
Tunisia
Egypt
Israel
Turkey
Jordan
Lebanon
Cyprus
Syria
5.0
3 
16
4
9
10
14.1
4.5 
18
18.1 
18,1
7
16,3
7.5
7
29,8
1212
1195
791
1488
516
1417
157
2841
648
5960
78
11680
47
70
757
12
6
26
8
18
24
26
14
38
26
42
25 
50 
10 
10 
22 
25
Source: data reworked from EUROSTAT, 1993 andThe Economist Intelligence Unit, 1994
Tab.3.4 Structure of the agricultural holdings
m m m v  SMifWJm, ---
Spain 8.32 18.62 17.91 15.35 39.80
France 1.66 12.21 34.22 29.97 21.95
Greece 34.27 43.22 12.84 4.79 4.89
Italy 22.19 29.7 17.46 10.84 19.81
Portugal 22.63 23.09 11.51 7.24 35.52
Algeria 13.31 37.92 37.26 6.28 5.22
Tunisia 8.45 32.68 22.73 13.66 22.46
Turkey 22.12 40.93 19.82 6.39 10.74
Source: data reworked from Allaya et al., 1993
Tab.3.5 Shares of irrigated land, use of fertilizers, degree of agricultural 
mechanization by Usable Agricultural Surface (1990)________________
0
...^ ^
Spain 16.6 97 277- • • 27
France S i a i l l i l l l l i l i l i B i 295 ■ i B H l
Greece 30.5 174
Italy 25.8 148 m m h W m m i
Portugal 19.9 88 23
Algeria 17 ■ ■ ■ ■ ■ f l b n H H H 76
Libya 36 1800 65
Morocco 13.6 33 238
Tunisia i r t l l l B i l l l l l i i i l B 18 I H f l B B i 177
Egypt M h h 372 illMBBMMIIBBKiBllBBMKBiMi 49
Syria a i i l i i i i i i a i i i i i i 54 2700 80
Turkey m M m m a m m 68 ■ i i S H i a l B i i i i i i i i 40
Source: Data reworked from Allaya et al., 1993 (data coming from Medagri database)
Tab.3.6 Degree of agricultural specialization per sub-i
,,,[ nkWti^Jmxl
....
. ;• - ; m tk im r n m . ;, ; *
France 5.92 2.32 10.06 3.3
Italy 3.12 2.22 2.98 5.25
Spain 5.7 6.89 5.54 6.15
Greece 1.85 16.18 4.51 8.22
Portugal 3.68 5.86 1.26 3.94
Morocco 1.36 9.35 3.06 1.99
Algeria 0.56 6.44 0.56 1.2
Tunisia 0.71 7.56 0.57 2.47
Libya 0.56 15.04 0.67 2
Egypt 0.69 0.57 1.92 2.61
Lebanon 0.4 2.3 1.09 5.93
Jordan 0.09 5.24 3.03 2.44
Syria 0.65 12.06 2.58 2.74
Israel 1.03 1.06 0.51 7.45
Cyprus 4.71 7.2 2.11 7.7
Turkey 2.07 8.55 4.8 4.65
Source: data reworked from FAO, 1991
cedC.  ^ 'to ^
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Tab.3.7 Degree of economic primarization
Spain 0.060
France 0.018
Italy 0.032
Portugal 0.162
Greece 0.116
Algeria 0.367
Morocco 0.684
Tunisia 0.471
Egypt 0.760
Syria 0.745
Turkey 0.815
Cyprus 0.154
Israel 0.035
Jordan 0.053
Lybia 0.063
Source: data reworked from EUROSTAT 1995, and from Infante, 1993 
Food consumption patterns
Tab. 3.8 Evolution of the population in the Mediterranean
Year 1950 1990 2025
Spain 28.0 39.2 43.0 2.6
France 41.7 56.4 63.0 3.2
Greece 7.5 10.0 10.0 0.0
Italy 47.0 57.6 55.0 -1.3
Portugal 8.0 10.3 11.0 1.9
EUM 132.5 173.9 182.5 1.4
Algeria 8.7 25.0 52.0 21.1
Lybia 1.0 4.5 14.0 33.0
Morocco 8.9 25.1 48.0 18.7
Tunisia 3.5 8.2 14.0 15.4
Egypt 20.0 52.4 86.0 14.3
Turkey 20.6 55.9 92.0 14.3
Syria 3.5 12.5 36.0 30.7
SEMC 66.2 183.6 342.0 18.0
Total
Mediterranean
212a 361.2* 54T 10.4
Source: Data reworked from Allaya et al. 1993; (a) United Nations, 1988.
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Tab.3.9 Ration between food expenses (FE) and total expenses (TE) and between 
agricultural GDP and total GDP in selected Mediterranean countries
Country FE/TE (%) GDP-A/GDP (%)
France 16 3
Italy 19 4
Israel 21 4
Spain 24 5
Ex-Yugoslav 27 10
Greece 30 16
Portugal 34 9
Tunisia 37 14
Turkey 40 17
Morocco 40 16
Egypt 50 19
Source: Data reworked from Allaya et al., 1993 (data
Tab.3.10 Protein share in the average food ration in Mediterrean countries (g/day)
Animal Proteins 
1961-1963 1986-88 A
Vegetal Proteins 
1961-63 1986-88 A
EUM 38,6 63,8 25,2 49,8 44,5 -5,3
SEMC 15,0 20,2 5,3 55,2 63,7 8,4
Total Medit 28,5 40,9 12,4 52,1 54,6 2,5
Source: data reworked from Allaya et a l , 1993.
Tab.3.11.1 Vegetal and animal proteins in the food ration per country, (g/day)
Vegetal proteins 
(g/day)
I I B i l l g l i Animal proteins 
(g/day)
Year 1961 1990 1961 1990
Spain 52.3 42 26.2 59.4
France 45.8 40.3 54.4 72.5
Greece 56.1 53.8 28.7 58.6
Italy ; 52.8 49.9 28.9 57.3
Portugal 42.8 46.8 28.6 51.2
Algeria 36.6 58.1 11.3 17.6
Morocco 47.2 69.6 10 12.4
Tunisia 45.4 64.3 ■ S l l S l l l i l l S l ! 19.1
Egypt 52.2 69.8 11.3 17.6
Turkey 63.9 68.7 19 16.7
Ex-Yugosl 67.1 57.6 21.8 40.8 :
Source: Data reworked from Allaya et al., 1993 (database Medagri 1993).
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Tab. 3.11.2 “Western” (A) and “local improved” (B) food patterns for Algeria 
(horizon 2000, Kg/inh. year)____________ ____________________________
F o o d A B F o o d A B
Cereals 176 180 Meat 22 15
wheat (hard) 57 90 red 5.2 4
wheat (soft) 116 80 white 9 6
barley 3 10
Eggs 8 5
Dry legumes 9 12
Milk & der. 85 70
Horticultural 90 90
Fish 5 5
Fruit 73 80
Fats 14.5 14.5
Sugar 22 22
Source: data reworked from Badillo, 1980.
Cultural and social issues o f  prim ary production systems 
Tab.3.12 Distribution of the cooperative system per sector (% o{ 4o'ta£,
Sector Greece Italy Portugal Spain
Cows milk 60 73 70 -
Cereals 60 60 - 60
Wine 50 28 43 60
Fruit & veg. - 20 - -
Olive oil 55 5 - 60
Tobacco - 18 - -
Source: Data reworked from Liso and Saccomandi, 1991.
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Agro-food industries and trade in the Mediterranean
Tab.3.13 Number of agro-food multinationals, divided in groups and branches 
( 1 9 8 8 ) ____________
■ygjfe Tfiy jffgfflfff 1
Spain 55 164
France 67 617
Italy 48 299
Greece 16 22
Portugal 18 31
Morocco 6 7
Tunisia 2 2
Egypt 4 4
Jordan 1 1
Lebanon 3 3
Israel 2 2
Turkey 11 13
Cyprus 1 1
Source: data reworked from AGRODATA, 1990.
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Fig.3.14 Agro-food Normalized Trade Balance (NTB) and Openness Index in the 
Mediterranean region_____________________________________________________
Spain 18 37 -8 -10
France 24 42 -6 10
Italy 24 37 -49 -45
Greece 24 42 12 -25
Portugal 36 80 -22 -25
Algeria 41 27 9 -98
Morocco 26 60 39 3
Tunisia 31 64 -17 -44
Syria 33 12 39 -34
Lybia 77 61 -98 -100
Israel 37 60 -7 -13
Jordan 47 100 -55 -68
Egypt 19 29 41 -76
Turkey 10 37 78 33
Openness Index (OI): the ratio between the trade volume (Exp+Imp) and GDP, times 100 
Source: data reworked from FAO, 1992.
Tab.3.16 Agro-food added value in the Mediterranean (average 1985-1988)
Zone Billions $ %
EUM 36,0 80
France 19,5 43
Spain 7,9 18
Italy 6,9 15
Greece 0,9 2
Portugal 0,8 2
SEMC 9,0 20
Ex-Yug. 3,6 4
Turkey 1,6 4
Egypt 1,1 2
Israel 0,9 2
Total Medit. 45,0 100
Source: Data reworked from Allaya et al., 1993, and from UN, 1988
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Tab.3.17 Agro-food Normalized Trade Balance (NTB) and yearly rates of Export 
and Import_________________ _________________________________________
NTB
1961-65
NTB
1986-89
Export rate/y
%
Import
%
EUM 0,52 0,86 +10,7 +8,5
SEMC 1,1 0,48 +5,3 +8,9
Maghreb 1,04 0,19 +2,4 +9,6
Machreq 0,96 0,21 +3,2 +9,4
Others 1,27 1,25 +7,6 +7,6
Total Med 0,65 0,77 +9,4 +8,7
Source: data reworked from FAO, 1992, voll. 29 and 44.
Text Box
The agro-food patterns and variability in the Mediterranean
The agro-food patterns 
The traditional agro-food system (TAF)
This system is based on the strong link between production and consumption patterns. It couples 
the classic crop triad (cereals, olive and grape) with typical Mediterranean animal productions 
(sheep, goats and fish). Other crops have been progressively incorporated, such as citrus and 
tomato. Several common features could be identiifed in the various countries of the basin, such 
as olive oil, sheep meat, fruit and vegetables.
This system of self-production and consumption is supported by a relatively simple supply and 
distribution system, which is now experiencing an important crisis because of the demographic 
growth, the intensification in littoral areas, the food consumption change, the growing 
internationalization of the food market.
The import-based food system (IFS)
This system has been developed to face the crisis of the traditional production system. Its origin 
is also old, as the Mediterranean region had to depend on imports since ancient times for 
supplying foodstuffs to its population. Some countries, such as Algeria and Egypt, have to import 
massive basic foodstuffs (wheat, fodder, diary products) for feeding their growing urban 
population. This system co-exists with the traditional pattern in some countries, while in others is 
dominant.
The export-based agro-system (EAS)
This system is directly depending on the growing internationalization of the world food markets. 
This system pushes toward the production of high added value agricultural products, whose
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introduction into international food trade can provide a significant proportion of foreign currency to 
finance the import of basic foodstuffs.
The dominant products of this model are fruits and vegetables (citrus and tomatoes in particular), 
olive oil, wine. They benefit from the comparative advantage of the proximity of EU markets. This 
system has to be integrated with a strong transformation and marketing system, being better 
connected with the bigger international trade flows, often mediated by transnational companies 
based in the EU.
So the Mediterranean region appears integrated in a broader European and world context,and 
has becoming more specialized in certain products: accordingly, to some extent it could be seen 
as the “garden of Europe”.
The agro-food variability
The different countries of the Mediterranean region show a mixture of the agro-food systems
described in the previous section (i.e.TAF, IFS and EAS).
• Among the EUM, southern France is characterised by a TAF which importance is decreasing, 
while the IFS is rising, particularly in urban areas and tourist areas; the EAS is developing 
slowly, because of the competition of neighbouring countries, so has to promote a strong 
brand policy. Generally speaking, France is leader in the agro-food distribution and marketing 
activities.
• Italy is the top one agro-food country totally Mediterranean: the TAF remains very important 
and is deeply linked with the typical Mediterranean consumption patterns (pasta, tomato, olive 
oil, wine). Accordingly, it supports a very strong agro-food industry, although supported by 
foreign capital. The IFS is also strong, originated by the gap between domestic demand and 
insufficient agricultural supply: the importation of animal and non-Mediterranean products is 
significant, and also depends on the increasing uniformization of the dietary patterns.The EAS 
is limited to specific high added value products, like olive oil or Parma ham.
• Spain is the second agro-food Mediterranean power, where very important changes have 
taken place during the last 20 years; the TAF remains very important, although slightly 
declining because of the rising uniformization of the consumption patterns. The IFS is 
increasing, because of the loss of competitivity with respect to certain EU products. The EAS 
is rising rapidly, benefitting from the entry to the EU (especially citrus and olive oil).
• Portugal and Greece are small agro-food producer countries, whose TAS remains important 
and whoce EAS is limited to selectd high quality productions (wine, olive oil).
• Among the SEMC the agro-food situation varies from Maghreb to Machreq countries. Algeria 
is witnessing a very severe disorganization of the agricultural sector, due to political change: 
the food industry depends largely on foreign supply, financed by oil and gas exportation. The 
IAS pattern is dominant, while the TAS is rapidly declining and the EFS has disappeared.
• Morocco is experiencing the expansion of its agro-food sector, and three patterns co-exist: the 
TAS is limited to the rural areas, IFS is dominant near large urban areas (Casablanca, Rabat) 
and the EAS is expanding, especially in the fruits and table olives sub-sectors. Accordingly, 
Morocco is becoming an important competitor of the EU.
• Tunisia EFS is slightly less competitive than the Moroccan, except for olive oil, thanks to 
important EU interventions; the TAS remains important, and the IFS is limited to urban 
centres.
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• The profile of the Libyan agro-food sector is very similar to that of Algeria, showing an even 
more dominant IFS.
• Egypt is experiencing a very severe crisis, coming from the widening gap between food 
requirements due to the population growth and the supply which is limited by natural 
constraints. The TAS remains important, but the IFS is rapidly rising and the EAS is limited to 
non-food products (cotton).
• in Jordan. Syria and Lebanon, the agro-food industry has very little importance: their TAS 
remains dominant.
• Turkey tends to become a regional agro-food power in the Mediterranean and in the 
neighbouring Middle East countries, because of the progressive modernization of agriculture 
and the constructions of large dams. Its TAS will remain dominant, due to the growing 
domestic market. Although its population is increasing, Turkey will remain self sufficient, and 
could enhance its EAS especially to export to Middle East.
• Israel shows a very high degree of agricultural modernization: the EFS coexists with the IFS, 
characterized by a high degree of internationalization.
• The Balkan countries are experiencing a deep crisis: accordingly, it is extremely difficult to 
outline their agro-food profile.
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4. Concluding remarks: the EU and the Mediterranean region 
between globalization and marginalization: a future dilemma?
Tab. 4.1-2-3-4 Scenarios for multipliers of food productivity driven by strong 
technological innovation, cooperation and trasfers (horizon 2025)
Tab. 4.1 Morocco Algeria Tunisia
Wheat (dry farming) 3-4 4.5-6 3-4
Barley (dry farming) 4 6 6
Com 7-8 4-5 n.a.
Sunflower 3.6-4.8 8.5-11.5 3.6-4.8
Tomato 3-8 6-20 3-8
Olive (a) 5.5 7 3.7
Soy-bean n.a. n.a. n.a.
Citrus 2-4 2-4 n.a.
Wheat (irrigated) 2-3 2-3 2-3
Sugar-beet 1.4-1.8 2-2.7 1.4-1.6
Spelt 4.5 4.5 4.5
Chick-peas 2.5-3 4.4 2.5-3
Source: data reworked from Plan Bleu, Nations Unies, 1988; (a) expert estimations
Tab. 4.2 Egypt Syria Turkey
Wheat (dry farming) n.a. 2-3 n.a.
Barley (dry farming) n.a. 4 n.a.
Com 2-3 2-2.5 2-2.5
Sunflower 1.6-2 1.8-2.5 2-2.6
Tomato 3-8 3-8 1.7-5.7
Olive (a) 4 5.5 6.5
Soy-bean 2 n.a. 5
Citrus 2-4 n.a. n.a.
Wheat (irrigated) 2-3 2-3 1.5-2
Sugar-beet n.a. 2-2.7 1.6-1.9
Spelt 1.5 1.5 1.5
Chick-peas 1 2.5 1.5
Source: data reworked from Plan Bleu, Nations Unies, 1988; (a) expert estimations
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Tab. 4.3 Spain Italy Greece
Wheat (dry farming) n.a. n.a. n.a.
Barley (dry farming) n.a. n.a. n.a.
Com 2-3 2 2
Sunflower 4.5-6.3 1.6-2 2-2.8
Tomato 1.7-5.7 1.7-5.7 1.3-4.5
Olive (a) 2.5 1.5 3
Soy-bean 2.5 2 n.a.
Citrus n.a. n.a. n.a.
Wheat (irrigated) 1.5-2 2-3 2-3
Sugar-beet 1.4-1.6 2.2 1.7
Spelt 3 2.2 2.2
Chick-peas 2.5-3 1.5 1.5
Source: data reworked from Plan Bleu, Nations Unies, 1988; (a) expert estimations
Tab. 4.4 France Israel Ex-Yug.
Wheat (dry farming) n.a. n.a. n.a.
Barley (dry farming) n.a. n.a. n.a.
Com 2-3 2-3 2-3
Sunflower 1.3-1.7 3.8-4.8 2-2.8
Tomato 1.3-4.5 1.3-4.5 6-20
Olive (a) 1.7 2.2 2.6
Soy-bean 2.5 n.a. 2.5
Citrus 2-4 1 n.a.
Wheat (irrigated) 2-3 2-3 2-3
Sugar-beet 2.2 2.2 2.6
Spelt n.a. 1.5 n.a.
Chick-peas n.a. 1.5 1.5
Source: data reworked from Plan Bleu, Nations Unies, 1988; (a) expert estimations
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5. The Olive Oil Sector
Agro-ecological profile o f the olive
The cultivated olive tree is native to the temperate -hot climate characteristic of the 
Mediterranean countries, of which it is an autochtonic species, and where it is principally 
located today. In the northern hemisphere it is found between the 30th and 45th latitude. 
Although it does grow outside this area, it does not fruit successfully because of 
excessively high temperatures in summer or low temperatures in the winter months. In 
the southern hemisphere most groves are found at similar latitudes. Detailed data 
concerning the geographical distribution of the olive tree by number of trees and by 
hectare are shown in Appendix II, Fig. 17.1 and Fig. 17.2 respectively.
The olive tree can withstand low temperatures of about -10°C, and even lower as long as 
it is not subjected to them for many hours, thawing proceeds slowly and the tree is not in 
the active growing period. During the vegetative stage, the olive tree is sensitive to low 
temperatures which can damage twigs and secondary branches, and even the trunk and 
scaffold branches. Resistance to cold is a varietal trait. To ensure it fruits well, the olive 
does, however, need temperatures close to zero which induce vegetative rest. It 
withstands high summer temperatures well, and even lack of ground moisture, although it 
then adjusts its growing activity to an essential minimum.
In the geographical area where the olive tree is found, there is an inverse relationship 
between latitude and altitude. In Spain, olives grow at 250 meters in the Rioja region, in 
the north, at 700 meters in Castilla-La Mancha in central Spain, and at 1200 meters in 
Jaen and Granada, in the south. In Morocco, they grow at an altitude as high as 1600- 
1700 meters in the Atlas Mountains, while in Argentina they can be found only around 
the altitude of 200 meters.
Many olive-growing areas receive scant rainfall on top, which is furthermore irregularly 
distributed in many years with virtually no precipitation in summer with the exception of 
intense rainstorms which are put to little use because they cause strong runoff. In Sfax 
(Tunisia) the average annual rainfall in certain olive cropped areas is about 180 mm, a 
figure that becomes almost nil in dry years. In Marrakesh (Morocco) annual precipitation 
is about 230 mm on average and the olive tree is virtually only productive under 
irrigation. At the other extreme there are regions in Italy and ex-Yugoslavia where 
rainfall can average 900 mm annually. Soil and subsoil type and the lie of the land 
especially influence the way in which the olive adapts to a specific water pattern.
The olive tree is not demanding as regards the soils in which it grows and can be found in 
both siliceous and calcareous soils. However, very clayey, heavy soils do represent a 
constraint as do soils that have a high moisture content over long periods of time. Some 
researchers have reported a relationship between poor soil and high quality product. For 
example, the best oil is said to come from trees grown on very calcareous soil, although 
excellent oil is also obtained from trees grown on good land.
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The mechanical action of the wind damages the olive tree and can be especially 
detrimental during bloom and when the fruit is approaching ripening since it heightens 
olive drop before the fruits develop a high oil content.
Excess soil moisture due to a high groundwater level or to drainage problems is not 
beneficial for the olive tree; nor is high atmospheric humidity since it facilitates the 
development of diseases.
The botany of the olive tree
The olive tree belongs to the botanical order of the Ligustrals, Oleaceae family, which 
includes genera such as Jasminium (jasmine), Ligustrum (privet), Syringa (lilac), 
Fraxinus (ash), Fontanesia and Olea (olive).
Thirty different species are described within the Olea genus and are found all over the 
world. Among them is Olea europea L., which has two sub-species: oleaster (wild olive 
tree) and sativa (olive).
A synthesis of the subspecies and varieties which can be attributed to Olea europea L. 
(Cifferi and Chevallier) is given in Appendix II, Fig. 14.
The adult olive tree has a fascicled, shallow root system which descends from the trunk 
or base. The depth reached depends on the soil type. On good cultivated land the roots 
can penetrate to a depth of between 15 and 80 cm. Horizontal growth is 2 or 3 times the 
radius of the projection of the crown, and is related to the distance between the trees.
Trunk characteristics depend heavily on local customs as regards training and planting. In 
several areas of Spain, olives have differentiated trunks, while in most of the rest of the 
world’s olive-growing regions they have a single trunk. Trunk height is determinated by 
pruning, the use of grafting and other factors which can vary it by one or two meters. The 
trunks of young olive trees are more or less cylindrical in shape while in older trees they 
seem to have very pronounced “veins” as if a bundle of trunks were tied together.
The main branches grow out from the trunk and subdivide to form the crown of the tree. 
The volume depends on the planting lay-out, soil fertility, water supply and type of 
pruning practiced. The young twigs bear small, whole, leathery leaves that are oppositely 
arranged. Stomata on the underside of the leaves control evaporation losses. Leaf size, 
color and arrangement are varietal characteristics.
The inflorescences or flower clusters originate from flower-induced buds located on 
shoots from the previous year; they form long-stalked clusters of flowers which 
frequently vary in number between 11 and 23. The flower has a white corolla comprising 
four lobes that alternate with the sepals of the calyx, which are short and pale green in 
color. Two stamens with short filaments and thick oval anthers enclose abundant pollen;
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the style is short with a bifid, feathery stigma. Two fused carpels form an independent 
ovary that has two ovules per cell which usually become a monosperm fruit. The olive 
bears hermaphrodite flowers with normal stamens and pistils that produce fruit and seeds. 
It also has flowers that lack a pistil and cannot produce fruit, while others have no ovules 
or have an abnormal pistil that can only produce small, defective fruits. Due to its 
hardiness the olive tree produces a large number of flowers, of which only 2-3% become 
harvestable fruits.
The olive fruit is a drupe and is more or less spherical. Its size depends on the variety. It 
comprises an epicarp that usually turns color at physiological maturity and is joined to the 
flesh or mesocarp that contains most of its oil. The endocarp or stone is hard, long and 
pointed at its apex; it encloses a seed in which the embryo and nutritional reserves are 
found.
The switch from sexual to vegetative reproduction based on simple asexual techniques 
using truncheons, hardwood cuttings, ovuli, etc. is what gave birth to the cultivated olive 
tree. Agronomic and technical criteria are used to select the best plants and have resulted 
in diverse groups or cultivars which today are spread throughout the different producer 
regions. Few varieties have achieved widespread propagation beyond their local area and 
those that have done so have achieved this in modern times. However, in most 
Mediterranean countries, where the olive is an age-old crop, native varieties are still in 
use for orchards.
Olive farming has not yet seen great improvements in plant material but this is an area 
that is being addressed by research institutions in the producer countries. Clonal selection 
involves identifying specimens that offer desired characteristics over successive 
generations. Research is also looking for rootstock that facilitates vegetative reproduction 
of difficult-to-root varieties or that transmits specific qualities from graft to plant that 
strengthen or moderate the traits of the grafted variety. Success in this area could bring 
about a real revival for olive farming.
It is interesting to summarize the most important varieties of olive in the Mediterranean 
countries, highlighting the importance for the country, the main use, the average yield. 
The broad regional differentiation of the olive throughout the whole Mediterranean 
region is of particular note. Specific figures of the major olive producing regions and of 
the pattern of diffusion of the olive tree throughout the Mediterranean basin are indicated 
in Appendix II, Fig. 15 and 16.
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Text Box
Vegetable oils blends: a threat for sustainable development in the 
Mediterranean?
World demand for olive oil is expanding rapidly, with fastest growth in developed countries where 
consumers are switching to more healthy diets. The market prospects, strengthened by expected 
GATT and Euro-Mediterranean trade dynamics and technological advances in the industry, could 
be crucial for the Mediterranean basin, where the majority of world olive oil is produced and 
consumed. However, new and extremely cheap vegetable-olive oil blends can imitate the taste of 
olive oil perfectly and, although they do not have the same health qualities, threaten both its 
existing and future markets.
Olive oil provides the basic income for about two million families in the southern EU, and almost 
three million in all the Mediterranean countries. Furthermore, it is fundamental to their dietary and 
cultural patterns. Many of them are investing heavily in the olive oil sector, driven by the multiple 
benefits of technological change, employment restructuring and expanding export markets. In this 
context, cheaper imitations based on oil blends could threaten both the cultural identity and 
economy of many regions in Spain, Italy, Greece, Portugal and the Maghreb, generating up to a 
15% increase in unemployment. This situation calls for very cautious policies, as the conflicting 
interests currently threaten to undermine the opportunities for development of the Mediterranean 
presented by growth in the olive oil sector.
The kina o f vegetable oils
World demand for vegetable oils is growing faster than for any other food and oilmeal product, 
driven by demographic growth, increased purchasing power in lower-income countries, and 
increasing attention to health and taste concerns in high-income countries. Therefore the market 
for palm and sunflower oils could grow fastest in Asia and South America, while market growth for 
olive oil will be concentrated in developed countries. Olive oil is fundamental to the Mediterranean 
diet, which was recently recognised as being even better than the low-fat and high-fibre diet 
patterns: olive oil is the healthiest of all the vegetable oils, offering a safeguard against cardio­
vascular diseases, neoplasia and ageing dynamics.
Olive oil is also the king of vegetable oils from an economic standpoint: it accounts for only 3% of 
their world volume, but between 10% to 20% of their market value (although a significant share of 
this is due to EU subsidies). It is the most typical product of the Mediterranean basin, where 96% 
of world production and 91% of world consumption is concentrated. Of this, Spain, Italy and 
Greece alone account for around 75%. Furthermore, olive oii constitutes the basic income source 
for around 7 million families, of which around two million live in the southern EU, predominantly in 
the less-favoured regions. It is a fundamental part of the dietary and cultural patterns of this 
region, and environmentally, olive crops play an important role in preventing serious 
desertification.
On the other hand, the olive oil market is taking on a global dimension and expanding into new 
markets. Driven by health and taste concerns, demand is mounting, mostly in high purchasing 
power countries. So far the USA has been the fastest growing market, witnessing an impressive 
increase of 330% over the last 15 years. Australia, Japan and Canada have experienced similar 
trends, and Argentina and Brazil are expected to follow over the next few years.
This market growth can largely be attributed to the healthy and natural image portrayed in the 
constant and flexible promotional campaigns. Under the same conditions, non-producer EU 
countries could show the same demand explosion, estimated to be around 350% in 5 years.
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Future world trade dynamics. new market and technological prospects
To date, the EU Common Agricultural Policy (CAP) has heavily subsidized European olive oil 
production, consumption and trade, resulting in prices which are higher than could be expected in 
an open market. However, following the GATT agreement, the EU will have to gradually lower 
this protection from July 1996 to the year 2000. Pressure on prices will mount, pushing producer 
countries to set up aggressive export strategies to penetrate into new and expanding markets.
Furthermore, the future Euro-Mediterranean Free Trade Area, foreseen for the year 2010, will 
push Member countries to specialise their production patterns in order to promote new and 
market-based processes to promote cohesion within the EU and cooperation with all 
Mediterranean countries.
All these market prospects present olive oil as a promising sector for sustainable development in 
the Mediterranean. Moreover, radical technological change looks set to rationalise the whole 
production chain, especially in European producer countries, transforming this traditionally 
backward sector into a more competitive industry. Innovation, both in primary production and 
extraction technologies, will have a significant impact on employment, environment and cultural 
patterns. Genetic programming, mechanized harvesting, ecological management of pests, water 
and soil, as well as new extraction technologies, will dramatically cut both economic costs and 
environmental degradation, simultaneously allowing better product quality. To achieve this new 
level of competitiveness, the olive oil sector will become much more capital intensive, especially 
in southern Europe, where technology availability and market pressures are greater.
Ultimately, this will promote a shift from low to higher skilled jobs as the sector becomes more 
technology- and market-oriented. Policy makers should support this change in the employment 
structure by promoting the creation of these new job profiles. In addition, these changes can be 
exploited for maximum benefit by integrating the olive sector with other activities so as to become 
more niche oriented. These niches should respect the fragile environmental equilibrium and 
cultural identity of the Mediterranean region; factors which could offer competitive advantages. 
For example, the identification of agricultural products with a specific territory and its attributes - 
landscape, scenery, culture - could enhance their competitiveness, and can catalyse business 
opportunities if well linked to service sectors, such as rural tourism.
Tomorrow’s olive oil producers and consumers
In the short term, world olive oil demand will grow and rationalization of the sector will enable all 
producer countries to increase both olive oil production and quality, which will play an increasingly 
significant role in the market. The EU will maintain its world production share, while its share of 
consumption will be lower; thus a growing share of its production will be targeted at non-EU 
export markets.
Within the EU, Italy now imports seven times more olive oil than Spain but controls, through 
brand-oriented market policies, the largest share of the export markets. This trend will continue 
over the next few years: Italy will strengthen its position as the world’s largest consumer and 
marketing country, having the best developed vertical integration within the whole production 
chain. Spain will become the biggest olive oil producing country, while Greece will take a position 
between the two. Spain and Greece have already achieved a high quality production, but will 
probably pay the price for their current marketing backwardness.
The opportunities presented by market growth and technological change are also encouraging 
many non-EU Mediterranean countries to expand and modernise their olive oil sector. The 
Moroccan government has prioritized the olive sector, which already generates 11 million working 
days and 11% of the food export value. Significant technological modernisation will enable 
production increases of up to 50%, in order to meet a 2-3 fold demand growth. Although at first 
glance they will provide competition for EU producers, the benefits in terms of economic 
development and reduced demographic/migratory pressures should not be underestimated.
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Casting oils on the flames: olive oil or blends?
The same favourable prospects which are encouraging many Mediterranean countries to invest in 
the olive oil sector are embittering the competition from blends of olive oil with other vegetable 
oils. The performance of oil blends has recently become more competitive thanks to technological 
change. In fact recent achievements in genetic research allow the production of vegetable oils 
with a smooth taste and healthier performances due to the higher content of oleic acid. With 
addition of only 10% olive oil, these blends can “imitate” its taste and flavour perfectly, though 
less well its health profile, but at a fifth of the price.
Both production and trade of these vegetable-olive oil blends have been banned so far in Spain, 
Italy, Greece and Portugal and olive oil producing countries unanimously agree that these 
regulations should be extended throughout the EU and Mediterranean. The argument has so far 
focused on the impossibility of detecting the exact proportion of olive oil in the blends, thus 
making it impossible to detect frauds. In any case, it is necessary to explore prospectively other 
under-discussed but very important facets of the problems posed by vegetable-olive oil blends.
In the expanding olive oil markets consumers are primarily being led by health concerns, while 
the traditional olive oil consumers in Spain, Italy, Greece and Portugal are concerned primarily 
with taste. As vegetable-olive oil blends are able to combine both a low price and the taste of 
olive oil, they could snatch a huge share of the olive oil market in those countries, severely 
impacting on their dietary habits, cultural patterns and health.
Large companies are already successfully testing the introduction of the blends at international 
level. They could partially penetrate into virgin sections of the world market, while in other 
sections they would compete heavily with olive oil, seriously jeopardizing the latter’s image and 
market expansion. These market losses at both EU and world level could cost the EU dearly in 
terms of intervention prices and subsidies for olive oil production, consumption and trade, clearly 
in conflict with the current trend in trade deregulation.
The low price o f blends threatens olive oil: a lost opportunity for sustainable growth?
The introduction of vegetable-olive oil blends into the world markets risks the loss of an 
opportunity for both economic and social welfare growth in many Mediterranean countries, not to 
mention its significant impact on their dietary patterns and cultural identity. Moreover, it could 
threaten the very survival of many rural economies all around the basin: Spain, Italy, Greece, 
Portugal and the Maghreb could witness an important rise in unemployment. The conflicting 
interests of the producers, industry and trade sectors prevent a clear definition of the future 
market for vegetable-olive oil blends.
Even the EU Seed Crushers and Oil Processors national associations have not taken a 
unanimous position on this controversy: each of them has been left free to defend its own vision 
and strategy. A recent questionnaire showed that only those of Spain, Italy and Portugal support 
a ban on both the production and trade of oil blends. Those from Germany, Denmark, The 
Netherlands, France and United Kingdom would allow both, although so far only a few companies 
are involved in this business (less than 100 000 marketed tons all together). Some companies 
from The Netherlands have assumed a very interesting and original position on this matter: to 
permit both production and trade of these blends provided that no reference in name or 
illustration is made to olive oil.
Accordingly, very cautious policies have to be developed on both production and trade of 
vegetable-olive oil blends. With this in mind, attention should be given not only to the importance 
of growth in the olive oil sector to development of the Mediterranean, but also to the possibility of 
negative health impacts if olive oil becomes substituted by oil blends in these countries.
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An honourable solution: a special labelling system to protect the ‘‘olive oil culture” in southern EU 
In this light, vegetable-olive oil blends should not compete directly with olive oil. Instead, a 
product and market differentiation could be established through the introduction of a special 
labelling system for olive oil and its blends following on from, and incorporating the proposal from 
Dutch firms. Such a labelling system could enable consumers to clearly distinguish the different 
characteristics, origin, performances and quality of each product, in a clear, concise, jargon-free, 
large-print form.
Similarly, as northern EU countries are characterised by high purchasing power, consumer 
sensitivity to health concerns, and high incidence of cardio-vascular diseases, an effective 
labelling system and promotional campaign could help inform consumers of the health benefits of 
olive oil and contribute to the internalisation of significant healthcare costs.
Overall, the importance of olive oil in the Mediterranean, and its health benefits, should be taken 
into account in formulating cautious policies, aimed at defining a tailor-made labelling system to 
incorporate the peculiar characteristics of the olive oil sector and its blends.
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APPENDIX I
FIGURES
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Fig-3
Evolution of the population in the SEMC
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Fig.4.2
Increase of the labour force supply in SEMC and EU
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Fig-6 GDP per capita using purchasing power comparison (1994)
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Fig-7
Emigrant transfers and direct foreign investm ents (1989-1992)
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Fig-8
Global tranfers and its components in theMaghreb 
and Portugal (1989-1992)
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Fig-9
Trade o f  the EU (1992)
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Fig. 10
Trade balance of the EU
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Fig. 11
Trade balance of the SEMC
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Fig. 11.1
EU Trade Balance normalized to GDP (1992)
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Fig. 11.2
EU Normalized Trade Balance (1992)
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Fig. 12
Evolution of EU share in SEMC trade (1970-1992)
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Fig. 13
Evolution of EU share in SEMC GDP (1970-1992)
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Fig. 17
Sectoral composition of main SEMC exports 
to the EU (1992)
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Fig. 18
Export shares -per sector- of the 
main SEMC to the EU (1992)
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Fig. 19
Export shares of main SEMC to the EU (1992)
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Fig.20
Shares of agricultural and total GDP and labour force 
in the Mediterranean (1998)
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Fig-21
Share of agricultural GDP in the EU (1998)
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Fig-22
Productivity per agricultural worker (1989)
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Fig.23
Agricultural share of GDP (1990)
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Fig.24
Agricultural workers in the  EU and SEMC (1989)
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Fig.25
Agricultural labour force share in the Mediterranean (1990)
Fr It Sp R  Gr Alg Mor Tun Egy Syr Tur Cyp Isr Jbr Lyb
Source: data reworked from Economist Intelligence Unit 1994, The World Bank 1991, 
FAO 1990
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Fig.26
GDP-A and agricultural labour force shares in the 
Mediterranean (1990)
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Fig.27
Structure of agricultural holdings classified by area
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Fig.28
Irrigated proportion of the Utilized Agricultural Surface
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Use of fertilizers
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Fig.30
Increase in fertilizer use from 1970 to 1990 (1970=1)
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Fig.31
Agricultural mechanization (1990)
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Fig-32
Utilized Agricultural Area per tractor (1990)
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Fig.33
Intensity of agricultural mechanization (1990)
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Fig.35
Degree of agricultural specialization  
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Fig.36
Agricultural specialization shares in the EUM
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Fig.37
Agricultural specialization shares in the SEMC
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Fig.39.1
Evolution of the Utilized Agricultural Surface in the Mediterranean 
from 1970 to 1990 (1970=1)
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Fig.39.2
Evolution of the agricultural land per worker in the 
Mediterranean from 1970 to 1990 (1970=100)
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Fig.40
Yearly demographic growth (%)
□ 1990-2025 
■ 1950-1990
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Fig.41
Shares of yearly demographic growth in from 1950 to 2025
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Fig. 42
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Correlation between food expenses and GDP-A
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Fig.43
Evolution of the protein share in the Mediterranean average food ration
from 1961 to 1989
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E volution  o f the food ration from 1961 to 1990 (g/ day)
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Fig.44.2
"Western" (A) and "Local Improved"(B) food patterns for Algeria
(horizon 2000)
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Fig.45
Num ber of agro-food m ultinational groups and branches (1988)
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Fig.46
Evolution of the agro-food Normalized Trade Balance (NTB)
from 1970 to 1990
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Fig.47
Evolution of the openness index from 1969 to 1989
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Fig.48
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Fig.49
Added value of the Mediterranean 
agro-food industry (average 1986-1988)
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Fig.50
Maximum theoretical productivity rise
at the horizon 2025 in the Maghreb (1990=1)
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Fig.51
Maximum theoretical productivity rise in the Machrek
at the horizon 2025 (1990=1)
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Fig-52
Maximum theoretical productivity rise
at the horizon 2025 (1990=1)
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Fig.53
Maximum theoretical productivity rise
at the horizon 2025 (1990=1)
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APPENDIX II
86
1. BETWEEN GLOBALIZATION AND 
MARGINALIZATION: A SUSTAINABLE OLIVE OIL
INDUSTRY?
This section deals with the overall market forces which have a major influence on the oils 
and fats sector. As explained in Part II, section I, the contradictions between 
globalization and marginalization are examined, and some of its possible repercussions 
for the sustainability of the olive oil industry are explored. In this light, the market 
prospects of one of the most dynamic and promising elements of this sector, i.e. the olive 
oil industry, are analysed. For this purpose, the analysis starts by exploring the market 
prospects characterising the overall oilseed complex, focusing on demand and supply.
Literature review, tailor-made modelling and expert interview are the main tools of this 
study. The identification of models and drivers to predict the evolution of the oilseed 
complex is the major objective of this phase. Then, as olive oil is a part of the oilseed 
complex, a similar approach helps to identify the most important characteristics, drivers 
and mechanisms determining the market profile of the olive oil industry.
The following tables provide quantitative information on the analysis to explore world 
demand and supply patterns for olive oil: this enables policy scenarios consistent with 
sustainable development to be identified and analysed.
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2. THE OILS AND FATS SECTOR
The oilseed complex, one of the rapidly expanding agro-food sectors 
Tab.l Main dietary oils and fats
Vegetable Animal
Canola oil Lard
Sunflower oil Beef tallow
Linola oil Butterfat
Sunflower oil
Com oil
Olive oil
Soybean oil
Peanut oil
Cottonseed oil
Palm oil
Coconut oil
Source: Rabobank, 1995, pp.2-4; Popular Rabobank, 1995, pp. 1-3. 
Tab.2.1 Average oil and meal content of main vegetable oils (%)
iflj '..
Soybean 18.2 79.2
Cottonseed 14.9 56.9
Sunflowerseed 40.1 48.1
Rapeseed 37.8 60.3
Groundnut 40.2 57.2
Copra 61.9 36.6
Palmkernel 44.3 54.2
Sesameseed 42.2 53.2
Linseed 33.1 64.6
Olive oil 20.0 0
Castorseed 42.1 0
Source: data reworked from Fediol, 1995.
Tab.2.2 Annual average growth in oils and fats consumption (1985-1993)
; e u  - 2.5
USA 2.7
China 4.9
India : 3.2
Ex-USSR -2.6
World 3.1
Source: data reworked from Oils and Fats International File 1996.
World oilseed demand: structure, driving forces and patterns
Tab.2.3 Development of world population, 1984-2025 (millions)
Region____________ 1 9 8 4 __________1993  2025
EU (a) 328 338 348
Central Europe (b) 117 124 139
Ex-URSS (b) 275 294 351
China (b) 1027 1185 1493
India (b) 752 897 1446
Japan (b) 120 125 129
Oceania (c) 24 27 39
Africa (c) 542 701 1581
North America (b) 265 286 333
South America (b) 262 310 761
World 4770 5572 8467
Source: data reworked from (a) EUROSTAT, 1995, (b) Rabobank, 1995, p i3, (c) The
Economist Intelligence Unit, 1995
Tab.2.4 Annual average growth of world population (%)
Region____________ 1984-1993_______________ 1993-2025
EU (a) 0.3 -0.1
Central Europe (b) 0.3 0.3
Ex-URSS (b) 0.7 0.6
China (b) 1.5 0.7
India (b) 2.0 1.5
Japan (b) 0.4 0.1
Oceania (c) 1.6 1.1
Africa (c) 3.0 2.6
North America (c) 0.8 0.5
South America (c) 1.9 2.8
World 1.7 1.3
Source: data reworked from (a) EUROSTAT, 1995, (b) Rabobank, 1995, pl3, (c) The 
Economist Intelligence Unit, 1995
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Tab.2.5
Share of the increase of world population per region 1993-2025
Region ___________ A 1993-2025 (millions) A/world population (2025)*1000
EU (a) 10 3.45
Ex-USSR (b) 57.5 19.8
Central Europe (b) 14.3 4.93
China (b) 308 106.4
India (b) 449 155.1
Japan (b) 4 1.4
Oceania (c) 12 4.1
Africa (c) 880 304.0
Maghreb &Machreq 179 62.1
(c)
North America (c) 47 16.2
South America (c) 451 155.8
World 2895 1000
Source: data reworked from (a) EUROSTAT, 1995, (b) Rabobank, 1995, pl3, (c) The
Economist Intelligence Unit, 1995
Tab.2.6
Annual average population growth per world region
Region______ Annual average population growth 1992-2025 (%)
EU (a) -0.1
Ex-USSR (b) 0.6
Central Europe (b) 0.3
China (b) 0.7
India (b) 1.5
Japan (b) 0.1
Oceania (c) 1.1
Africa (c) 2.6
Maghreb &Machreq 2.7
(c)
North America (c) 0.5
South America (c) 2.8
World 1.3
Source: data reworked from (a) EUROSTAT, 1995, (b) Rabobank, 1995, pl3, (c) 
Statistical Yearbook 1995, 1996.
90
Tab.2.7 Economic growth rate expressed in GDP real growth
Country Average 1980/1992 Average 1993/1994 1995
China (a) 7.6 10.6 10.2
Singapore (a) 6.1 9.3 7.9
Malaysia (a) 5.3 8.4 9.6
India (a) n.a. 4.8 6.4
Brazil (a) 1.8 5.7 5.0
Chile (b) 2.7 4.5 7.0
Maghreb and Machreq (b) 4.0 2.2 2.2
USA (a) 2.1 3.5 3.25
EU (a) 2.1 1.1 2.1
Source: data reworked from (a) Rabobank, 1995, pl3 and (b) World Data, World Bank 
1996
Tab.2.8 Economic growth rate normalized on the average between the EU and USA 
(1993-1995)
Country NGDPGi
China 4.16
Singapore 3.4
Malaysia 3.6
India 2.5
Brazil 2.1
Chile 2.3
Maghreb and Machreq 0.9
Source: data reworked from Tab.2.7 and text.
Tab. 2.9
Annual consumption of per capita use of oils and fats in kg (1993)
USA 11 33.2
EU 20 27.8
Japan 3.6 17.2
Ex-USSR 7.6 9.5
Argentina 6.1 15.6
Brazil 3.0 17.3
China 2.1 6.3
India 1.3 6.6
Indonesia 0.1 12.2
Thailand 0.4 8.6
Turkey 3.6 21.6
World 3.5 11.9
Source: data reworked from Oils and Fats International File 1995-2000, 1996.
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Tab. 2.10
Annual oils and fats per capita consumption normalized to USA-EU average of
Average consumption (1993/1995)]/ 
Average consumption (1993/1995) tu
Japan 46
Ex-USSR 38
Argentina 48
Brazil 45
China 18
India 17
Indonesia 27
Thailand 20
, Turkey 57
World 34
Source: data reworked from Tabs. 2.3 and 2.9 and text 
Tab. 2.11
Oils and fats consumption and GDP growth normalized to EU-USA average
Ifiaytoa • - • ;Nopi>Gi .— c*
China 4.16 0.18
India 2.5 0.17
South East Asia 3.5 0.23
South America 2.2 0.47
Maghreb and Machreq 0.9 0.57
Source: data reworked from Tabs.2.8-9-10 and text
Relationship between Normalized GDP Growth (NGDPG) and Normalized Fat 
Consumption (NFC)
Formula 1
NGDPGi= -5.702 NFC + 4.499
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Tab.2.12 Healthy performance of oils and fats based on their fatty acid composition
Oilseed__________________((5 MUFA (%) + PUFA (%)) - 3 SFA(%)) 7100 (%)
Canola 3.08
Sunflower 2.00
Olive 3.40
Soybean 1.36
Peanut 1.56
Lard 1.32
Butter -0.40
Coconut -2.40
Palm 0.67
Source: data reworked from: (i) Castro et al., 1995; (ii) Valentina Ruiz-Gutierrez, 1995; 
(iii) Lopez-Segura etal., 1995, Perez-Jimenez, 1995; (iv) Sahoun et al, 1995; (v), Visioli 
and Galli, 1995; (vi) Petroni et al, 1995; (vii) Visioli et al, 1995; (viii) Visioli and Galli, 
1994; (ix) Grignaffini etal, 1994; (x) Salami etal., 1995; (xi) Galli, 1997, personal 
communication; (xii) Rabobank, 1995.
Tab.2.13 Healthy performance of oils and fats based on expert evaluation (%)
Oilseed Healthv performance (%)
Canola 70
Sunflower 66
Sunflower (high oleic) 76
Olive (virgin) 100
Olive oil (blend of refined and 90
virgin)
Olive -pomace oil 80
Soybean 40
Rapeseed 25
Lard 5
Butter 5
Coconut 0
Palm 8
Source: data reworked from Dr.Francisco J.G. Muriana and Dr.Valentina Ruiz-Gutierrez, 
Institute of Grease, Seville, Spain personal communication, as well as from: (i) Perez- 
Jimenez et al., 1995; (ii) Ruiz-Gutierrez et al., 1996; (iii) Ruiz Gutierrez et al., 1997; (iv) 
Muriana et al, 1997.
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Tab. 2.14
Population growth, GDP growth and fat consumption levels normalized to EU-USA 
average (1993)__________________________________________________________
3.5 0.23
2.2 0.47
-1.2 0.41
1.34 0.96
0.65 1.09
0.95 0.57
Source: data reworked from Tabs.2.6,2.10 and 2.11 and text
The oilseed consumption of tomorrow
It is reasonable to assume EU-US average as the saturation level for oils and fats 
consumption as the basis for normalizing the relevant figures of the other regions, and to 
take Normalized GDP Growth rate as a significant indicator for the current level of fat 
consumption, low in poorer economies and higher in more favoured societies.
Accordingly, following advice from experts of the International Olive Oil Council, we set 
up a theoretical indicator which identifies per capita annual increase in consumption of 
oils and fats which is expected from a theoretical model set up by experts, i.e. Fat 
Consumption Trend (FCT): this is a best fitting equation calculated on the basis of the 
available time series for the parameters which are considered most relevant by experts in 
determining consumption growth in oils and fats (indicated in Tab.2.14):
(i) current fat consumption normalized to EU-USA average (Normalized Fat 
Consumption, NFC);
(ii) GDP growth, normalized to EU-USA average (Normalized GDP Growth, 
NGDPG);
(iii) Population Growth (PG).
This indicator is calculated for the main oils and fats consuming countries; then it is 
summed to evaluate the overall expected oils and fats consumption at world scale. This 
formulation is indicated in Formulae 2 and 3, assuming PG for Population Growth, 
NGDPG for Normalized GDP Growth, NFC for Normalized Fat Consumption, FCT for 
Fat Consumption Trend for a given i-country. Detailed data of consumption growth 
expected by this indicator over the next decades are provided in Tab.2.15.
Formula 2
FCTt= PGi * NqdpGi
[ Lg 10 * Lg (10 * NFCt)]
North America
Region
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Formula 3
N
FCT world = 2  FCTi
i= l
On the other hand, an empirical indicator is set up to represent the growth of per capita 
annual consumption in oils and fats observed over the last decades, i.e. Fat Consumption 
Growth (FCG). Detailed data are given in Tab.2.16.
The following step is analysis of the comparison between the theoretical and empirical 
indicators: the former reflects the expected increase over the next decades (i.e. FCT, 
Tab.2.15) while the latter shows the increase in consumption of oils and fats observed 
over the last decades (i.e. FCG, Tab.2.16), both calculated on per capita annual basis. 
Good agreement is found between the both indicators, demonstrating that the theoretical 
indicator can be assumed to estimate the future values for consumption of oils and fats. 
The relationship between theoretical and empirical indicators is represented in Formula 4 
and following figure (also in this Appendix, Fig. 13).
Formula 4
FCG = 1.1581 FCT + 0.2431
Relationship between per capita observed annual oils & fats consumption growth and theoretical 
annual consumption growth trend (1993-2025)
South-East Asia
Maghreb & Machreq
India
:§S
South America
1 4 1 810 12 1 660 4 82
♦  Y
 Predicted Y
FCT (%) Source: da ta  reworked from Tabs.2 .15 and 2 .16
95
From these figures it is evident that:
(i) EU, US, Maghreb and Machreq and China show a particularly good agreement 
between theoretical and empirical indicators. This shows that their current 
increases in consumption of oils and fats do represent the expected trend in the 
future decades.
(ii) South East Asia is expected to show over the long term a relative decline from 
their current rates of increase of oils and fats consumption— really spectacular in 
countries like Indonesia and Thailand, i.e. more than 25%;
(iii) South America and India are expected to grow more over the same period. Indian 
consumption in oils and fats has been drastically limited during the recent years 
by strong government policies intended to keep the importation of oils and fats 
very low, which corroborates the validity of our model.
Summarizing, South Asia and South America are the regions where the most important 
growth in oils and fats consumption is supposed to take place up to the medium-long 
term horizon, i.e. 10-20 years. This is essentially due to the synergy of population and 
economic growth, combined with the current low levels of oil and fat consumption.
This considerations are confirmed by the analysis of another empirical indicator 
representing recent evolution of consumption in oils and fats, i.e. Normalized Fat 
Consumption Growth (NFCG). It is set up by normalizing the annual average growth of 
per capita demand in oils and fats to the average US-EU figure (i.e. 2.2 % p.a.), 
considered as the potential saturation level. This indicator shows the gap between the 
consumption growth of developing and industrialized societies observed over the last 
decade. Detailed figures are listed in Tab.2.17.2 This figure shows that a dramatically 
high increase in consumption of both animal and vegetable oils and fats is already 
occurring in Asian and South American countries, e.g. China, Thailand, Indonesia and 
Brazil.
An additional conclusion is evident from the analysis of the structure of consumption of 
oils and fats and its recent evolution (Tab.2.18). The USA and the EU have the highest 
per capita use. In both of these regions, per capita consumption of animal oils and fats has 
decreased and vegetable oil consumption increased. A substitution, therefore, of 
vegetable for animal fats has taken place. In Japan, consumption rates stand out as 
considerably lower, basically due to cultural differences -taste, preference and habits- 
and a considerable degree of self-sufficiency in oils and fats relative to the US and EU. 
However, overall consumption of oils and fats in Japan has risen.
2 NFCGi = ( Vegetable-Animal) Fat Comsumption Growth i /  (Vegetable-Animal) Fat 
Comsumption Growth ((EU+usa)/2)
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Tab.2.15
Annual growth in per capita oils and fats consumption (theoretical pattern o f Fat 
Consumption Trend, i.e.FCT (%), over the medium-long term horizons 2010-2025)
Country
v  3.10
Source: data reworked from Tabs.2.14, formulae 2-3 and text
Tab. 2.16
Annual average growth of per capita use o f oils and fats (observed pattern o f Fat 
Consumption Growth, i.e.FCG (%), horizons 1983-1993)
H I m m
i USA 2.0 -1.1 3.1
; e u 2.3 -1.4 3.7
‘ Japan 
Ex-USSR 
, South America
» . ' i h \3 3.3 1.0 2.3
A „» \ _X,
-5.4
4.4
-2.3
1.5
-3.1
2.9
, Argentina ^ yr hT1.8 -0.2 2.0
Brazil 4.2 1.6 2.6
China . ^ -  >sl%! 9.1 5.5 3.6
India >m$m0P®®flM 3.7 3.0 0.7
Indonesia , 25.9 8.6 17.3
Thailand ®®i®l§fl##l§ 5 &25.1 12.3 12.8
Turkey r r" * * ~ ■'* “ ' ll, WfcA }  V6.7 2.0 4.7
World 1.3 -1.2 2.5
Source: data reworked from Oils and Fats International, 1996 and text
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Tab. 2.17
Average annual per capita fat consumption growth normalized to the US-EU 
average (NFCG, expressed in %): horizons 1983-1993)
Country NFCG
;Japan
|Ex*TJ$SR
[Argentina
i China 
India
* Indonesia 
J Thailand 
[ Turkey
1.5
-2.5
0.8
1.9
4.2
I.7
II.8 
11.4 
3.1
Source: data reworked from Tab.2.9,2.16 and text
Tab.2.18 Consumption and consumption growth of vegetable oils
H B B H S H
Soybean 26.7 3.0
Palm 20.1 • 9.0
Rapeseed 13.9 5.9
Sunflower 11.8 2.2
Cotton , 6.3 - , 1.0 .
Groundnut 5.8 2.8
Coconut ■ -4.4 ■ 1.3
Olive 3.2 - V-; 1.8
Palmkemal 2.7 ■■: 9.8
Com ' 2.5 . ■' 4.7
Sesame 0.68 1.9 :
Linseed . 0.59 -3.5 V •
Castor ■■ 0 A 1 3.1
World 100 4.1
Source: data reworked from Oils and Fats International, 1996.
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3. THE OLIVE OIL SECTOR
Demand and supply figures
Tab.3.1 Olive oil production in the EU
Year Production ( thousand  to n s )
1 9 8 2 ( a ) 1 0 7 7 .6
1 9 8 3 ( a ) 1 4 3 9 .2
1 9 8 4 ( a ) 1 2 8 8 .5
1 9 8 5 ( a ) 1 2 8 7 .8
1 9 8 6 ( a ) 1 3 4 7 .3
1 9 8 7 ( a ) 1 1 0 6 .7
1 9 8 8 ( a ) 1 7 2 9 .2
1 9 8 9 ( a ) 1 0 8 0 .1
1 9 9 0 ( a ) 1 4 6 4 .6
1 9 9 1 ( a ) 9 9 3 .7
1 9 9 2 ( a ) 1 7 1 8 .8
1 9 9 3 ( a ) 1 3 9 1 .6
1 9 9 4 ( a ) 1 2 5 7 .5
1 9 9 5 ( b ) 1 3 8 3
1 9 9 6 ( b ) 1 3 2 3 . 5
1 9 9 7 ( b ) 1 5 3 7 .5
Source: data reworked from (a) Tab. 3.4.2.1.2-4; (b) taken from IOOC, 1996b
Tab.3.2 Olive oil consumption in the EU
Year Consumption ( thousand  to n s )
1 9 8 2 ( a ) 1 2 4 3 .8
1 9 8 3 ( a ) 1 2 6 5 .5
1 9 8 4 ( a ) 1 2 4 1 .2
1 9 8 5 ( a ) 1 2 5 6 .2
1 9 8 6 ( a ) 1 2 8 9 .0
1 9 8 7 ( a ) 1 3 2 3 .9
1 9 8 8 ( a ) 1 3 7 4 .7
1 9 8 9 ( a ) 1 2 9 9 .5
1 9 9 0 ( a ) 1 2 9 9 .7
1 9 9 1 ( a ) 1 2 1 0 .5
1 9 9 2 ( a ) 1 3 6 0 .1
1 9 9 3 ( a ) 1 3 7 4 .2
1 9 9 4 ( a ) 1 3 5 6 .4
1 9 9 5 ( b ) 1 3 1 3
1 9 9 6 ( b ) 1 2 4 9 .5
1 9 9 7 ( b ) 1 3 3 6
Source: data reworked from (a)Tab. 3.4.2.1.2-4; (b) taken from IOOC, 1996b
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TREND OF WORLD CONSUMPTION OF OLIVE OILS (thousand tonnes)
Countries
CROP YEARS*
1970/71 71/72 72/73 73/74 74/75 75/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83
Mainly-producer, consumer- 
exporter countries (1) 1,387.9 1,371.9 1.338.4 1,291.7 1,204.4 1,163.3 1,226.8 1,410.0 1,400.8 1,402.8 1,460.0 1,462.1 1,534.2
Producer, mainly- 
importer countries (2) 83.7 89.4 79.7 79.5 77.4 89.4 83.9 102.1 101.9 100.5 105.4 98.1 104.3
Importer-only countries (3) 36.1 39.0 27.6 23.6 17.8 27.3 28.8 32.2 28.1 30.2 32.0 30.0 30.5
World total 1,507.7 1,500.3 1,445.7 1,394.8 1,299.6 1,280.0 1,339.5 1,544.3 1,530.9 1,533.5 1,597.4 1,590.2 1,669.0
Countries
CROP YEARS*
1983/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93' 93/94 94/95 95/96
Mainly-producer. consumer- 
exporter countries (1) 1,489.8 1,512.2 1,544.8 1,595.4 1,607.7 1,528.0 1,519.7 1,461.0 1,633.3 1,659.6 1,641.4 1,594.0 1,526.4
Producer, mainly- 
importer countries (2) 127.5 126.7 141.5 140.5 168.0 174.5 141.0 162.5 144.0 182.5 197.5 192.0 194.5
Importer-only countries (3) 30.6 45.5 48.6 46.5 47.0 50.0 46.0 49.5 68.5 63.0 62.5 61.5 56.5
World total 1,647.9 1,684.4 1,734.9 1,782.4 1,822.7 1,752.5 1,706.7 1,673.0 1,845.8 1,905.1 1,901.4 1,847.5 1,777.4
Note: World consumption of olive oils has been broken down in terms of the three groupings of countries used by the IOOC. The figures for 1994/95 are provisional 
while those for the latest crop year are estimates.
* Runs from 1 November of one year to 31 October of the following year.
(1) Includes the following countries: Algeria, Argentina, European Union, Cyprus, Israel, Jordan, Lebanon, Morocco, Syria, Tunisia, Turkey and ex-Yugoslavia.
(2) Includes the following countries: Australia, Brazil, Chile, United States, Iran, Iraq, Libya, Mexico, Peru, Egypt and other producing countries. '
(3) The countries in this group are: Saudi Arabia, Canada, Japan, Russian Federation, Switzerland and other solely importing countries.
Source-. For 1970/71-1982/83, IOOC: “Olive Oils in the World”, statistical time-series, IOOC, December 1992. For 1983/84 crop, IOOC: “Olive Oils in the 
World", statistical time-series, IOOC, November 1994. For the remaining crop years, IOOC: “Olive Oils in the World”, statistical time-series, IOOC, December 
1995.
T a b .3 .4 .2 .1
Source: Parras Rosa, 1996
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T a b l e a u  1 -  P R O D U C T I O N  ( 1 0 0 0  t m )  
T a b l e  1 -  P R O D U C T I O N  ( 1 0 0 0  m t )
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A l l e m a g n e  1 )  . . .
D a n e m a r k  .....................
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Source: IOOC, 1996, personal communication
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1 9 8 0 / 8 1 1 9 8 1 / 8 2 1 9 8 2 / 8 3 1 9 8 3 / 8 4 1 9 8 4 / 8 5 1 9 8 5 / 8 6 1 9 8 6 / 8 7 1 9 8 7 / 8 8 1 9 8 8 / 8 9 1 9 8 9 / 9 0 1 9 9 0 / 9 1 1 9 9 1 / 9 2 1 9 9 2 / 9 3 1 9 9 3 / 9 4 1 9 9 4 / 9 5  
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U g t r i e 1 8 . 0 1 0 . 0 1 3 . 0 1 2 . 0 1 5 . 0 1 8 . 0 1 2 . 0 1 6 . 5 1 0 . 0 1 6 . 0 6 . 0 3 7 . o ' 2 7 . 0 2 1 . 0 1 4 . 0 1 8 . 0
A r g e n t i n e 1 2 . 0 8 . 5 8 . 6 7 . 0 9 . 0 8 . 8 7 . 0 9 . 0 1 0 . 0 9 . 0 8 . 0 9 . 0 1 0 . 0 8 . 0 9 . 5 1 1 . 0
: e 8 4 5 . 0 7 5 7 . 4 6 9 4 . 6 1 , 0 1 3 . 3 5 4 2 . 1 1 , 3 4 7 . 3 1 , 1 0 6 . 7 1 , 7 2 9 . 2 1 , 0 8 0 . 1 1 , 4 6 4 . 6 9 9 3 . 7 1 , 7 1 8 . 8 1 , 3 9 1 . 7 1 , 2 5 7 . 2 1 , 3 0 4 . 0 1 , 2 3 2 . 0
I h y p r e 2 . 5 1 . 5 2 . 0 0 . 6 1 . 8 1 . 5 1 . 0 1 . 5 3 . 0 1 . 5 2 . 0 1 . 5 3 . 0 3 . 0 2 . 5 3 . 0
i s p a g n e 4 4 6 . 0 2 9 7 . 3 6 6 6 . 0 2 6 6 . 5 7 0 2 . 7
3 r £ c e
I s r a e l 6 . 0 2 . 0 5 . 4 3 . 0 2 . 0 3 . 6 3 . 5 2 . 5 5 . 5 2 . 0 8 . 0 2 . 5 7 . 5 1 . 5 4 . 5 4 . 0
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T ab .3 .4 .2 .1 .1
Source: IOOC, 1996, personal communication
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l u t r e s  P . p r o d . 2 A . 0 2 3 . 1 1 9 . 2 2 0 . 6 1 5 . 5 1 3 . 2 1 9 . 0 1 5 . 0 2 8 . 5 1 A .  5 2 8 . 5 1 A .  5 3 4 . 0 3 4 . 0 3 2 . 5 3 2 . 5
s / t o t a l  8 1 2 3 . 3 1 1 5 . 2 1 1 8 . 9 1 2 7 . 5 1 2 6 . 7 1 A 1 . 5 1 4 0 . 5 1 6 8 . 0 1 7 A . 5 1 4 1 . 0 1 6 2 . 5 1 4 4 . 0 1 8 2 . 5 1 9 7 . 5 1 9 2 . 0 1 9 4 . 5
i r a b i e  S a o u d  . A .  1 2 . 2 6 . 1 A . 8 A . 2 5 . 0 5 . 0 5 . 5 5 . 5 5 . 0 6 . 5 7 . 0 7 . 0 5 . 0 5 . 0 5 . 0
C a n a d a 2 . 3 2 . A 3 . 3 A . 3 5 . 0 A .  1 5 . 5 5 . 5 7 . 0 7 . 0 1 0 . 0 1 0 . 0 1 3 . 0 1 2 . 0 1 5 . 0 1 6 . 0
!a p o n 1 . 5 1 . 0 1 . 5 1 . 5 2 . 0 2 . 5 3 . 0 3 . 0 A . O A . O A . 5 5 . 0 6 . 5 8 . 0 8 . 5
£ d .  R u s s i e 1 4 . 2 1 2 . 8 1 5 . 5 1 2 . 1 2 5 . A 2 1 . 8 2 4 . 0 2 3 . 0 1 9 . 0 9 . 5 5 . 0 9 . 0 5 . 0 6 . 0 5 . 5 4 . 0
i u i  s s e 2 . 0 2 . 2 2 . 1 2 . 3 2 . 0 2 . 6 2 . 5 2 . 5 2 . 5 2 . 5 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0
i . p . u n . i m p . 9 . A 6 . 9 2 . 5 5 . 6 7 . A 1 3 . 1 7 . 0 7 . 5 1 3 . 0 1 8 . 0 2 1 . 0 3 5 . 0 3 0 . 0 3 0 . 0 2 5 . 0 2 0 . 0
s / t o t a l  C 3 2 . 0 3 0 . 0 3 0 . 5 3 0 . 6 A 5 . 5 4 8 . 6 4 6 . 5 4 7 . 0 5 0 . 0 4 6 . 0 4 9 .  5 6 8 . 5 6 3 . 0 6 2 . 5 6 1 . 5 5 6 . 5
C T A L  M O N D I A L 1 , 6 2 0 . 1 1 , 6 1 0 . 1 1 , 6 8 5 . 4 1 , 6 4 7 . 9 1 , 6 8 4 . A 1 , 7 3 4 . 9 1 , 7 8 2 . 4 1 , 8 2 2 . 7 1 , 7 5 2 . 5 1 , 7 0 6 . 7 1 , 6 7 3 . 0 1 , 8 4 5 . 6 1 , 9 0 5 . 1 1 , 9 0 1 . 4 1 , 8 4 7 . 5 1 , 7 8 6 . 4
T ab . 3 .4 .2 .1 .3
Source: IOOC, 1996, personal communication
C O N S E I L  O L E I C O L E  I N T E R N A T I O N A L  -  I N T E R N A T I O N A L  O L I V E  O I L  C O U N C I L  
D i v i s i o n  d e s  A f f a i r e s  E c o n o m i q u e s  -  E c o n o m i c  A f f a i r s  D i v i s i o n  
( N o v e m b r e  1 9 9 5  -  N o v e m b e r  1 9 9 5 )
S P r i e  d e  s t a t i s t i q u e s  c h r o n o l o g i q u e s  " L E S  H U I L E S  D ' O L I V E  D A N S  L A  C O M M U N A U T E  E U R O P E E N N E "  
S e r i e s  o f  c h r o n o l o g i c a l  s t a t i s t i c s  " O L I V E  O I L S  I N  T H E  E U R O P E A N  C O M M U N I T Y "
T a b l e a u  A -  C O N S O M M A T I O N  ( 1 0 0 0  t m )  
T a b l e  A -  C O N S U M P T I O N  ( 1 0 0 0  m t )
1 9 8 0 / 8 1  1 9 8 1 / 8 2  1 9 8 2 / 8 3  1 9 8 3 / 8 A  1 9 8 4 / 8 5  1 9 8 5 / 8 6  1 9 8 6 / 8 7  1 9 8 7 / 8 8  1 9 8 8 / 8 9  1 9 8 9 / 9 0  1 9 9 0 / 9 1  1 9 9 1 / 9 2  1 9 9 2 / 9 3  1 9 9 3 / 9 A  1 9 9 A / 9 5  1 9 9 5 / 9 6
( p r o v . ) ( p r e v . )
A l l e m a g n e  1 )  . . 3 . 3 2 . 8 3 . 8 A . O A . 9 5 . 6 7 . 1 A . 8 6 . 0 8 . 5 1 0 . 3 9 . 8 1 0 . 5 1 3 . A 1 2 . 0 1 2 . 0
D a n e m a r k  .................. 0 . 2 0 . 1 0 . 1 0 . 2 0 . 2 0 . 2 0 . 2 O . A 0 . 7 0 . 6 0 . 7 1 . 2 1 . 2 2 . 5 1 . 2 1 . 1
F r a n c e  ...................... 2 2 . 5 2 3 . 7 2 6 . 9 2 A . 0 2 5 . 0 2 6 . 5 2 7 . 0 2 6 . 5 2 A . 2 2 7 . 0 2 8 . 0 3 A . 8 A 3 . 8 A A . 6 A A . O A A . O
I r l a n d e  ...................... 0 . 0 0 . 1  . 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 2 0 . 2 0 . 2 0 . 5 0 . 8 0 . 9 1 . 0 1 . 0 0 . 5
I t a 1 i e  ...................... 5 8 0 . 0 6 1 0 . 0 6 2 6 . 0 6 A 0 . 0 6 3 1 . 6 6 A 0 . 0 6 7 0 . 0 6 8 0 . 0 6 3 0 . 0 6 2 6 . 0 5 A 0 . 0 6 3 0 . 0 6 A O . O 6 0 0 . 0 6 0 0 . 0 5 9 2 . 0
P a y s - B a s  ............... 0 . 7 0 . 7 0 . 7 0 . 6 0 . 6 0 . 9 0 . 7 0 . 9 0 . 9 1 . 1 1 . 0 1 . 5 2 . 0 3 . 2 3 . 3 2 . 8
R o y a u m e - U n i  . . . 1 . 7 1 . 8 1 . 9 2 . 3 2 . 1 2 . 6 A . 3 5 . 0 A . 9 6 . 8 6 . 8 9 . A 1 2 . 0 1 6 . 8 1 4 . 0 1 A . 0
U . E . B . L ...................... 1 . 0 1 . 0 1 . 1 1 . 0 0 . 9 0 . 9 0 . 6 1 - 5 1 . 7 1 . 9 2 . 1 2 . 6 3 . 9 A . 9 A . O A . O
S / T o t a l 6 0 9 . A 6 A 0 . 2 6 6 0 . 6 6 7 2 . 2 6 6 5 . A 6 7 6 . 8 7 1 0 . 0 7 1 9 . 3 6 6 8 . 6 6 7 2 . 1 5 8 9 .  A 6 9 0 . 1 7 1 A . 3 6 8 6 .  A 6 7 9 . 5 6 7 0 . A
G r f c c e  .......................... 2 0 5 . A 2 0 5 . 0 2 0 5 . 0 2 0 0 . 0 1 9 0 . 0 2 1 0 . 0 2 0 0 . 0 2 0 0 . 0 2 0 0 . 0 2 0 5 . 0 2 0 0 . 0 1 9 5 . 0 1 9 0 . 0 1 9 0 . 0 1 8 5 . 0 1 8 0 . 0
T o t a l  C E  ( 1 0 ) 8 1 A . B 8 A 5 . 2 8 6 5 . 6 8 7 2 . 2 8 5 5 . A 8 8 6 . 8 9 1 0 . 0 9 1 9 . 3 8 6 8 . 6 8 7 7 . 1 7 8 9 .  A 8 8 5 . 1 9 0 A . 3 8 7 6 . 4 8 6 4 . 5 8 5 0 . 4
E s p a g n e    3 7 0 . 0  3 7 7 . 8  A 2 0 . A  3 9 5 . 9  3 8 8 . 1  3 9 A . 1  A 1 8 . 7  A 2 1 . A A 2 1 . 0  3 9 0 . 0  3 7 0 . 0
P o r t u g a l    3 2 . 2  3 6 . 1  3 5 . 0  3 5 . 0  3 A . 5  2 7 . 0  A 5 . 0  A 9 . 9  5 9 . 0  5 8 . 5  A 8 . 0
T o t a l  C E  ( 1 2 )  1 , 2 8 9 . 0  1 , 3 2 3 . 9  1 . 3 7 A . 7  1 , 2 9 9 . 5  1 , 2 9 9 . 7  1 , 2 1 0 . 5  1 , 3 A 8 . 8  1 , 3 7 5 . 6  1 , 3 5 6 . A 1 , 3 1 3 . 0  1 , 2 6 8 . A
A u t r i c h e  1 . 3  1 . 3
F i n l a n d e  0 . 5  0 . 5
S u f c d e  1 . 2  1 . 2
T o t a l  C E  ( 1 5 )  1 , 3 1 6 . 0  1 , 2 7 1 . A
T a b .3 .4 .2 .1 .4
Source: IOOC, 1996, personal communication
CONSUMPTION TREND IN THE MEMBER STATES OF THE EUROPEAN UNION (thousand tonnes)
Countries
CROP YEARS*
1970/71 71/72 72/73 73/74 74/75 75/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83
Germany (1) 3.9 4.4 4.1 3.4 2.9 1.8 2.8 2.4 2.6 2.9 3.3 2.8 3.8
Belgium & Luxembourg 0.4 0.3 0.6 0.7 0.5 0.8 0.9 0.7 0.9 1.0 1.0 1.0 1.1
Denmark n.d. n.d. 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.1
Spain 327.4 308.5 334.8 322.9 250.6 278.2 294.3 328.0 330.0 350.0 350.0 360.0 360.0
France 21.0 23.0 18.5 21.6 15.5 19.5 20.7 20.8 20.6 21.5 22.5 23.7 26.9
Greece 162.0 162.0 167.0 161.5 170.0 172.0 172.0 180.0 201.7 200.0 205.4 205.0 205.0
Ireland n.d. n.d. 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1 0.1
Italy 608.5 625.0 565.0 558.2 494.8 400.9 415.8 558.0 554.0 550.0 580.0 610.0 626.0
Netherlands 0.5 0.5 0.5 0.5 0.5 0.5 0 .4 0.5 0.5 0.7 0.7 0.7 0.7
United Kingdom n.d. n.d. 2.6 1.6 1.4 1.5 2.0 2.1 2.2 2.2 1.7 1.8 1.9
Portugal 64.1 67.5 61.9 45.7 48.2 46.1 43.3 34.0 38.9 39.8 39.4 38.6 39.9
Totals 1,187.8 1,191.2 1,155.3 1,116.4 984.6 921.6 952.5 1,126.7 1,151.7 1,168.2 1,204.2 1,244.7 1,265.5
Countries
CROP YEARS*
1983/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96
Germany (1) 4.0 4.9 5.6 7.1 4.8 6.0 8.5 10.3 9.8 10.5 13.4 12.0 12.0
Belgium & Luxembourg 1.0 0.9 0.9 0.6 1.5 1.7 1.9 2.1 2.6 3.9 4.9 4.0 4.0
Denmark 0.2 0.2 0.2 0.2 0.4 0.7 0.6 0.7 1.2 1.2 2.5 1.2 1.1
Spain 335.0 360.0 370.0 377.8 420.4 395.9 388.1 394.1 418.7 421.4 421.0 390.0 370.0
France 24.0 25.0 26.5 27.0 26.5 24.2 27.0 28.0 34.8 43.8 44.5 44.0 44.0
Greece 200.0 190.0 210.0 200.0 200.0 200.0 205.0 200.0 195.0 190.0 190.0 185.0 180.0
Ireland 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.5 0.8 0.9 1.0 1.0 0.5
Italy 640.0 631.6 640.0 670.0 680.0 630.0 626.0 540.0 630.0 640.0 600.0 600.0 592.0
Netherlands 0.6 0.6 0.9 0.7 0.9 0.9 1.1 1.0 1.5 2.0 3.2 3.3 2.8
United Kingdom 2.3 2.1 2.6 4.3 5.0 4.9 6.8 6.8 9.4 12.0 16.8 14.0 14.0
Portugal 34.0 40.8 32.2 36.1 35.0 35.0 34.5 27.0 45.0 49.9 59.0 58.5 52.0
Totals 1,241.2 1,256.2 1,289.0 1,323.9 1,374.7 1,299.5 1,299.7 1,210.5 1,348.8 1,375.6 1,356.4 1,313.0 1,272.4
* Runs from 1 November of one year to 31 October of the next.
(1) Includes the ex-GDR since the 1990/91 crop year.
Source: For 1970/71-1990/91, IOOC: “Olive Oils in the European Community" and ‘‘Olive Oils in the World”, statistical time-series, IOOC, December 1992. For 
remaining crop years, IOOC: “Olive Oils in the European Community", statistical time-series, IOOC, December 1995. The figures for the 1994/95 crop year are 
provisional. Those for the latest crop year are estimates.
T ab .3 .4 .2 .2
Source: Parras Rosa, 1996
TREND OF PER CAPITA CONSUMPTION OF OLIVE OILS IN THE W ORLD (kg /in h ab itan t/year)
Countries
CROP YEARS
82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94
Mainly-producer, consumer- 
exporter countries
ALGERIA 0.54 0.57 0.73 0.85 0.87 0.72 0.45 0.62 0.27 1.02 1.08 0.54
ARGENTINA 0.07 0.07 0.16 0.13 0.14 0.13 0.13 0.12 0.12 0.12 0.12 0.13
EUROPEAN UNION 3.95 3.86 3.90 3.99 4.09 4.23 3.99 3.96 3.53 3.81 3.85 3.70
CYPRUS 3.69 2.58 3.28 3.13 3.68 3.62 3.62 2.14 3.52 2.82 4.16 3.47
ISRAEL 0.75 0.77 0.64 0.72 0.89 0.56 0.88 0.87 1.07 0.93 0.83 1.14
JORDAN 2.46 2.96 2.79 3.69 3.44 2.93 3.09 2.62 2.29 2.68 2.81 3.69
LEBANON 2.82 2.63 2.81 3.18 2.44 2.44 3.00 2.04 2.73 2.50 2.90 3.03
MOROCCO 1.44 1.17 0.91 1.58 1.51 1.43 1.43 1.60 1.36 1.67 1.55 1.63
SYRIA 7.28 5.84 5.26 4.24 5.52 3.95 5.05 4.47 4.77 4.60 5.01 5.47
TUNISIA 7.47 9.15 7.33 6.76 7.80 6.66 4.00 4.03 6.52 7.03 7.10 6.85
TURKEY 1.68 1.26 1.59 1.31 1.14 0.93 0.91 0.79 0.96 0.86 1.00 1.06
EX-YUGOSLAVIA 0.14 0.10 0.17 0.17 . 0.23 0.28 0.32 0.23 0.27 0.17 0.08 0.08
Producer, mainly- 
importer countries
AUSTRALIA 0.37 0.40 0.44 0.41 0.43 0.43 0.54 0.68 0.79 0.72 0.92 1.00
BRAZIL 0.06 0.07 0.06 0.10 0.06 0.07 0.09 0.09 0.07 0.07 0.07 0.07
CHILE 0.03 0.02 0.02 0.02 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
UNITED STATES 0.13 0.15 0.15 0.17 0.21 0.26 0.27 0.30 0.35 0.37 0.42 0.43
IRAN 0.05 0.03 0.04 0.07 0.04 0.04 0.05 0.04 0.04 0.04 0.05 0.04
IRAQ 0.04 0.04 0.04 0.04 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
LIBYA l J 4 . 4 1 13.81 13.46 14.72 12.01 15.37 11.39 4.40 2.87 1.34 1.78 1.72
MEXICO 0.02 0.04 0.05 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.05 0.05
PERU 0.01 0.01 0.01 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
EGYPT 0.03 0.01 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.02 0.03
Importer-only countries
SAUDI ARABIA 0.57 0.43 0.36 0.41 0.40 0.42 0.40 0.35 0.44 0.46 0.42 0.41
CANADA 0.13 0.17 0.20 0.16 0.21 0.21 0.27 0.26 0.37 0.37 0.46 0.53
JAPAN 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.05
EX-USSR 0.06 0.04 0.09 0.08 0.09 0.08 0.07 0.03 0.02 0.03 0.02 0.02
SWITZERLAND 0.33 0.36 0.31 0.40 0.38 0.38 0.38 0.38 0.45 0.45 0.43 0.50
WORLD TOTAL 0.36 0 .34 0.35 0 .35 0 .35 0 .35 0 .33 0 .32 0.31 0 .33 0 .33 0 .32
Source: Drawn up from IOOC consumption data: “Olive Oils in the World”, statistical time-series, IOOC, December 1992, for the first crop year 
reviewed and from IOOC: “Olive Oils in the W orld”, statistical time-series, IOOC, November 1 9 9 4 .The population figures used are as 
reported in Oil World Annual, April, 1992 and 1994 respectively, except for the countries of the European Union (see Table 6).
Own table.
T ab.3 .4 .2 .3
Source: Parras Rosa, 1996
TREND OF PER CAPITA CO NSUM PTIO N OF OLIVE OILS IN THE EUROPEAN UNIO N (kg /in h ab itan t/year)
Countries
CROP YEARS *
1970/71 71/72 72/73 73/74 74/75 75/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83
Germany 0.06 0.07 0.07 0.05 0.05 0.03 0.05 0.04 0.04 0.05 0.05 0.05 0.06
Denmark n.d. n.d. 0.04 0.04 0.02 0.04 0.04 0.04 0.04 0.02 0.04 0.02 0.02
France 0.41 0.44 0.35 0.41 0.29 0.37 0.39 0.39 0.39 0.40 0.42 0.44 0.49
Ireland n.d. n.d. 0.03 0.03 0.03 0.03 0.03 0.00 0.03 0.00 0.00 0.03 0.03
Italy 11.27 11.49 10.29 10.07 8.86 7.14 7.36 9.84 9.73 9.64 10.14 10.77 11.01
Netherlands 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.05 0.05 0.05 0.05
United Kinqdom n.d. n.d. 0.05 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.03 0.03 0.03
Belgium & Luxembourg 0.04 0.03 0.06 •0.07 0.05 0.08 0.09 0.07 0.09 0.10 0.10 0.10 0.11
Greece 18.35 18.22 18.70 18.02 18.78 18.76 18.55 19.23 21.37 21.05 21.11 20.94 20.81
Spain 9.61 8.97 9.65 9.22 7.08 7.77 8.12 8.95 8.92 9.39 9.27 9.48 9.43
Portugal 7.13 7.53 6.89 5.02 5.11 4.77 4.45 3.47 3.94 4.01 3.97 3.85 3.99
Total 3 .89 3 .88 3.74 3 .59 3.15 2 .94 3 .03 3 .57 3 .64 3.72 3 .76 3 .89 3 .95
Countries
CROP YEARS *
1983/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93 93/94 94/95
Germany 0.07 0.08 0.09 0.12 0.08 0.10 0.13 0.13 0.12 0.13 0.14 0.14
Denmark 0.04 0.04 0.04 0.04 0.08 0.14 0.12 0.14 0.23 0.23 0.29 0.29
France 0.44 0.45 0.48 0.49 0.47 0.43 0.48 0.50 0.61 0.76 0.76 0.78
Ireland 0.03 0.03 0.03 0.03 0.06 0.06 0.06 0.13 0.22 0.22 0.28 0.28
Italy 11.23 11.06 11.18 11.68 11.84 10.95 10.86 9.47 10.9 11.0 10.3 9.8
Netherlands 0.04 0.04 0.06 0.05 0.06 0.06 0.07 0.07 0.09 0.11 0.13 0.14
United Kingdom 0.04 0.04 0.05 0.08 0.09 0.09 0.12 0.12 0.16 0.18 0.21 0.21
Belgium & Luxembourg 0.10 0.09 0.09 0.06 0.15 0.17 0.19 0.20 0.25 0.26 0.25 0.28
Greece 20.20 19.13 21.06 20.02 19.98 19.94 20.40 19.92 19.21 18.6 18.6 18.5
Spain 8.74 9.36 9.58 9.76 10.83 10.18 9.96 10.02 11.0 11.0 10.9 10.4
Portugal 3.37 3.99 3.13 3.49 3.36 3.34 3.28 2.62 4.5 4.3 4.5 4.2
Total 3 .86 3 .90 3 .99 4.09 4 .23 3.99 3.96 3.53 3.93 3 .97 3.85 3.70
’ Runs from 1 November of one year to 31 October of the next.
Source. For 1970/71-1990/91, drawn up from IOOC consumption figures: “Olive Oils in the EEC", statistical time-series, IOOC, December 1992. For the 
remaining crop years, IOOC: “Olive Oils in the European Community”, statistical time-series, IOOC, November 1994. The data for the 1993/94 crop year are 
provisional. The figures for the latest crop year are estimates. The sources for the population figures are: for 1971-1980 and 1981-1990, INE: Anuario 
Estadistico de Espana, 1981, Madrid, 1982, p. 422 and Anuario Estadfstico de Espana, 1991, Madrid, 1992, p. 437 respectively. We have assumed a population 
of 380,000 for Luxembourg for these twenty years; for the remaining years we have used Oil World Annual, 1994, ISTA MIELKE, GmbH, Hamburg, p.11.
T a b .3 .4 .2 .4
Source: Parras Rosa, 1996
TREND OF PER CAPITA CONSUMPTION OF OLIVE OILS IN THE EUROPEAN UNION (Base 1972-73 = 100)
Countries
CROP YEARS
1972/73 73/74 74/75 75/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85
Germany 100.0 82.8 70.9 44.2 68.9 59.2 64.1 71.2 80.9 68.7 93.5 98.8 121.4
Denmark 100.0 99.4 49.6 99.0 98.6 98.4 98.0 49.0 98.0 49.0 49.1 98.2 98.2
France 100.0 116.0 82.7 103.9 109.9 110.0 108.5 112.8 117.0 12-2.6 138.5 123.1 127.7
Ireland 100.0 98.4 96.5 95.0 93.9 0.0 91.4 0.0 0.0 88.2 87.5 86.7 86.5
Italy 100.0 97.9 36.1 69.4 71.6 95.6 94.6 93.7 98.5 104.7 107.0 109.1 107.4
Netherlands 100.0 99.3 98.5 97.6 77.6 96.4 95.8 133.2 132.0 131.5 131.0 111.8 111.4
United Kingdom 100.0 61.5 53.9 57.7 77.0 80.9 84.7 84.6 64.9 68.7 72.5 87.6 79.8
Belgium & Luxembourg 100.0 116.3 82.8 132.3 148.7 115.5 148.4 163.8 164.9 164.7 181.4 164.9 148.1
Greece 100.0 96.4 100.4 100.3 99.2 102.8 114.3 112.6 112.9 112.0 111.3 108.0 102.3
Spain 100.0 95.5 73.4 80.5 84.1 92.7 92.4 97.3 96.1 98.2 97.7 90.6 97.0
Portugal 100.0 72.9 74.2 69.2 64.6 50.3 57.2 58.1 57.6 55.8 57.8 48.9 57.9
Total 100.0 96.1 84.4 7 8 .7 81.1 95 .6 97.3 99 .4 100.8 104.0 105.6 103.4 104 .4
Countries
CROP YEARS
85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93 93/94 94/95
Germany 138.6 175.4 118.1 146.3 203.2 197.8 171.4 185.7 200.0 200.0
Denmark 98.0 97.9 195.7 342.5 293.0 341.2 575.0 575.0 725.0 725.0
France 134.8 136.8 133.7 121.4 134.8 140.1 174.2 217.1 217.1 222.8
Ireland 86.7 86.7 173.4 174.9 175.4 408.2 733.3 733.3 933.3 933.3
Italy 108.7 113.5 115.1 106.4 105.5 92.0 105.9 106.8 100.0 95.23
Netherlands 156.2 128.3 163.9 163.1 197.9 178.6 225.0 275.0 325.0 350.0
United Kingdom 98.5 162.4 188.4 184.2 254.7 254.9 320.0 360.0 420.0 420.0
Belgium & Luxembourg 148.1 98.7 246.8 279.7 312.7 345.6 416.6 433.3 416.6 466.4
Greece 112.6 107.1 106.8 106.6 109.1 106.5 102.7 99.4 99.4 98.9
Spain 99.3 101.1 112.2 105.5 103.2 103.9 113.9 113.9 112.9 107.7
PortuGa! 45.4 50.6 4 8 .S 48.5 47.5 38.0 65.3 62.4 65.3 50 .S
Total 106 .9 109.4 113 .3 106.7 106.0 94.4 105.0 106.1 102.9 98.9
Source: Drawn up from figures in Table 6.
Tab.3 .4 .2 .4 .1
Source: Parras Rosa, 1996
TREND OF P ER CAPITA CONSUM PTION OF OLIVE OILS IN THE W O R LD  (B ase 1 9 8 2 -8 3  =  10 0 )
Countries CROP YEARS
82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94
Mainly-producer, consumer- 
exporter countries
ALGERIA 100.0 106.4 137.0 158.2 162.1 134.1 84.5 115.8 50.9 190.9 200.0 100.0ARGENTINA 100.0 98.6 238.5 192.1 213.3 187.2 184.9 182.7 180.5 178.4 171.4 185 7EUROPEAN UNION 100.0 97.9 98.8 101.2 103.5 107.3 101.0 100.4 89.3 96.6 97.4 93.6CYPRUS 100.0 69.8 88.9 84.9 99.6 98.1 98.1 58.0 95.4 76.3 112 7 94 0ISRAEL 100.0 102.0 84.6 95.4 118.1 74.5 117.1 115.3 141.9 123.3 110.6 152 0JOROAN 100.0 120.2 113.2 150.0 139.9 119.2 125.6 106.4 93.0 108.9 114.2 150 0LEBANON 100.0 93.3 99.6 112.9 86.7 86.7 106.3 72.2 96.7 88.7 102.8 107 4MOROCCO 100.0 80.9 62.9 109.6 104.5 98.9 99.2 110.5 94.3 115.7 107.6 113 2SYRIA 100.0 80.2 72.2 58.3 75.7 54.2 69.3 61.4 65.5 63.2 68.8 75 1TUNISIA •100.0 122.4 98.1 90.5 104.5 89.1 53.5 54.0 87.3 94.0 95.0 91 7TURKEY 100.0 74.7 94.5 78.2 67.8 55.4 54.3 46.8 57.2 51.0 59.5 63.1EX-YUGOSLAVIA 100.0 71.4 123.3 122.5 167.4 196.7 225.7 164.6 195.4 120.8 57.1 57.1
Producer, mainly- 
importer countries
AUSTRALIA 100.0 107.6 118.0 111.5 116.7 115.0 145.9 184.1 213.3 195.1 248.6 270 2BRAZIL 100.0 110.6 95.7 148.4 87.4 107.0 136.3 138.7 110.8 108.7 116.6 116.6CHILE 100.0 65.5 96.7 63.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.UNITED STATES 100.0 116.2 121.4 136.6 164.9 206.9 210.0 236.9 275.8 287.8 323.0 330.7IRAN 100.0 72.1 92.8 148.1 87.1 84.8 103.5 80.9 98.8 96.7 100.0 80.0IRAQ 100.0 96.5 93.2 90.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.LIBYA . 1 100.0 95.9 93.4 102.2 83.3 106.5 79.0 30.5 19.9 12.7 12.3 11.9! MEXICO 100.0 222.3 244.6 199.3 194.9 190.6 248.6 213.1 238.5 233.6 250.0 250.0PERU 100.0 98.0 96.0 47.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.EGYPT 100.0 37.4 94.9 92.6 104.3 101.8 99.4 64.8 94.5 93.0 66.6 93.0
Importer-only countries
SAUDI ARABIA 100.0 75.6 63.3 72.4 69.6 73.5 70.7 61.8 76.8 80.5 73.7 71.9
CANADA 100.0 129.3 149.3 121-.5 161.3 159.5 200.6 198.3 280.9 278.7 353.8 407.6
JAPAN 100.0 100.0 200.0 200.0 200.0 200.0 300.0 300.0 300.0 400.0 400.0 500.0
EX-USSR 100.0 77.3 160.9 137.0 149.6 142.2 116.6 57.9 30.2 54.1 43.3 33.3
SWITZERLAND 100.0 109.2 94.5 122.3 117.0 116.5 116.0 115.6 138.3 138.1 130.3 151.5
WORLD TOTAL 100.0 96.0 97.2 98.1 99 .6 99.5 93.7 91.1 87.7 92 .7 91.6 88.8
/Vote The figures in this table do not tally exactly with the trend shown in the previous table. The data here are more real because they incorporate all the de­
cimals of the figures in the preceding table.
Source: Drawn up from the figures in Table 3.
T ab .3.4 .2 .5
Source: Parras Rosa, 1996
Tab.3.4.3.2 Olive oil consumption and production in Tunisia
Year Consumption ( thousand  to n s )  Production (thousand  to n s )
1 9 8 2 ( a ) 3 4 .5 8 0
1 9 8 3 ( a ) 5 1 .1 6 0
1 9 8 4 ( a ) 6 4 .3 1 5 5
1 9 8 5 ( a ) 5 3 .2 9 5
1 9 8 6 ( a ) 5 0 .3 1 0 5
1 9 8 7 ( a ) 5 9 1 2 0
1 9 8 8 ( a ) 5 2 9 5
1 9 8 9 ( a ) 3 2 5 8
1 9 9 0 ( a ) 3 3 1 3 0
1 9 9 1 ( a ) 5 4 .5 1 7 5
1 9 9 2 ( a ) 6 0 2 5 0
1 9 9 3 ( a ) 6 0 1 2 0
1 9 9 4 ( a ) 5 6 2 3 5
1 9 9 5 ( a ) 4 6 1 0 0
1 9 9 6 ( b ) 3 4 .5 6 0
1 9 9 7 ( b ) 6 5 2 2 0
Source: data reworked from (a)Tab. 3.4.2.1.1-3; (b) taken from IOOC, 1996b
Tab.3.4.3.3 Olive oil consumption and production in Turkey
Year Consumption ( thousand  to n s )  Production ( th o u san d
to n s )
1 9 8 2 ( a ) 60 5 5
1 9 8 3 ( a ) 8 0 .2 1 6 0
1 9 8 4 ( a ) 6 1 .5 4 0
1 9 8 5 ( a ) 8 0 8 0
1 9 8 6 ( a ) 6 7 .7 7 0
1 9 8 7 ( a ) 6 0 1 2 0
1 9 8 8 ( a ) 5 0 5 5
1 9 8 9 ( a ) 5 0 9 0
1 9 9 0 ( a ) 4 4 3 5
1 9 9 1 ( a ) 5 5 8 0
1 9 9 2 ( a ) 5 0 6 0
1 9 9 3 ( a ) 5 0 5 6
1 9 9 4 ( a ) 5 4 4 8
1 9 9 5 ( b ) 6 0 1 6 0
1 9 9 6 ( b ) 6 8 4 5
1 9 9 7 ( b ) 6 5 1 8 0
1 9 9 8 ( c ) 6 5 7 5
1 9 9 9 ( c ) 7 0 1 1 5
2 0 0 0 ( c ) 7 0 8 0
2 0 0 1 ( c ) 7 5 1 2 0
Source: cata reworked from (a)Tab.3.4.2.1.1-3; (b) taken from IC
from IOOC, 1996a
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Tab.3.4.3.4 Olive oil consumption and production in Morocco
Year Consumption (thousand tons) Production (thousand tons)
1 9 8 2 ( a ) 23.8 18
1 9 8 3 ( a ) 30.2 30
1 9 8 4 ( a ) 25.1 21.5
1 9 8 5 ( a ) 20 27
1 9 8 6 ( a ) 35.8 40
1 9 8 7 ( a ) 35 35
1 9 8 8 ( a ) 34 38
1 9 8 9 ( a ) 35 30
1 9 9 0 ( a ) 40 6 5
1 9 9 1 ( a ) 37 36
1 9 9 2 ( a ) 49 50
1 9 9 3 ( a ) 39.5 38
1 9 9 4 ( a ) 45.5 40
1 9 9 5 ( b ) 44.5 45
1 9 9 6 ( b ) 40 40
1 9 9 7 ( b ) 50 80
Source: data reworked from (a) Tab. 3.4.2.1.1-3; (b) taken from IOOC, 1996b
Tab.3.4.3.5 Olive oil consumption and production in Syria
Year Consumption ( thousand  to n s )  Production ( thousand  to n s )
1 9 8 2 ( a ) 6 4 4 4 .5
1 9 8 3 ( a ) 7 0 .4 9 4 . 8
1 9 8 4 ( a ) 5 8 .7 2 7 .2
1 9 8 5 ( a ) 5 5 .7 5 5 .2
1 9 8 6 ( a ) 4 8 .1 3 5 .3
1 9 8 7 ( a ) 6 2 .5 7 2 .5
1 9 8 8 ( a ) 4 6 3 2
1 9 8 9 ( a ) 61 9 0
1 9 9 0 ( a ) 5 6 3 0
1 9 9 1 ( a ) 6 2 8 3
1 9 9 2 ( a ) 66 4 2
1 9 9 3 ( a ) 6 7 8 6
1 9 9 4 ( a ) 6 9 6 5
1 9 9 5 ( b ) 7 0 7 6
1 9 9 6 ( b ) 7 5 1 0 3
1 9 9 7 ( b ) 7 7 8 2
1 9 9 8 ( a ) 8 0 1 0 8
1 9 9 9 ( a ) 8 2 8 3
2 0 0 0 ( a ) 8 5 1 1 8
Source: data reworked from (a)Tab.3.4.2.1.1-3; (b) taken from IOOC, 1996a
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Tab.3.4.3.6 Olive oil consumption in the US
Year Consumption (thousand tons)
1 9 8 2 ( a ) 27.8
1 9 8 3 ( a ) 29.8
1 9 8 4 ( a ) 35
1 9 8 5 ( a ) 36.9
1 9 8 6 ( a ) 41.9
1 9 8 7 ( a ) 51
1 9 8 8 ( a ) 64.5
1 9 8 9 ( a ) 66
1 9 9 0 ( a ) 75
1 9 9 1 ( a ) 88
1 9 9 2 ( a ) 7 9
1 9 9 3 ( a ) 104
1 9 9 4 ( a ) 115.5
1 9 9 5 ( b ) 112.5
1 9 9 6 ( b ) 110
1 9 9 7 ( b ) 123.0
Source: data reworked from (a) Tab. 3.4.2.1.3; (b) taken from IOOC, 1996b 
Tab.3.4.3.7 Olive oil consumption in Australia
Year Consumption (thousand tons)
1982 4.6
1983 5.7
1984 6.2
1985 6.9
1986 6.6
1987 7
1988 7
1989 9
1990 11.5
1991 13.5
1992 12.5
1993 17
1994 16.5
1995 20
Source: data reworked from Tab. 3.4.2.1.3
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Tab.3.4.3.8
Olive oil consumption in Germany, Netherlands, Belgium, Luxembourg and United 
Kingdom together _____________
Year Consumption (thousand tons)
1982 6.3
1983 7.5
1984 7.9
1985 8.5
1986 10
1987 12.7
1988 12.2
1989 13.5
1990 18.3
1991 20.2
1992 23.3
1993 27.4
1994 38.3
1995 33.3
1996 32.8
1997 48.5
Source: data reworked from Tab. 3.4.2.1.4
Tab.3.4.3.9 Olive oil consumption and production in remaining producer countries
Year Consumption ( thousand  to n s )  Production ( thousand  to n s )
1 9 8 2 111 .1 5 5 .1
1 9 8 3 111 6 1 .5
1 9 8 4 1 1 3 .3 5 9 .5
1 9 8 5 1 1 4 5 7 . 9
1 9 8 6 1 2 7 .9 5 1 . 8
1 9 8 7 1 1 7 .5 6 8 .5
1 9 8 8 1 3 0 .5 4 9 . 5
1 9 8 9 1 3 9 8 3
1 9 9 0 8 6 51
1 9 9 1 9 6 7 8
1 9 9 2 8 5 2 3
1 9 9 3 9 5 4 7 . 5
1 9 9 4 6 5 .5 7 0
1 9 9 5 5 9 .5 9 0 .5
1996  (a) 5 5 .5 91
Source: data reworked from Tab.3.4.2.1.1-2-3-4; (a) taken from IOOC, 1996a
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Tab.3.4.3.10.1 Olive oil consumption in Japan
Year Consumption (thousand tons)
1982 1.5
1983 1
1984 1.5
1985 1.5
1986 2
1987 2.5
1988 3
1989 3
1990 4
1991 4
1992 4.5
1993 5
1994 6.5
1995 8
1996 14
1997 17
Source: data reworked from Tab. 3.4.2.1.3
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Tab.3.4.3.10.2 Olive oil consumption in Canada
Year Consumption (thousand tons)
1982 2.4
1983 3.3
1984 4.3
1985 5
1986 4.1
1987 5.5
1988 5.5
1989 7
1990 7
1991 10
1992 10
1993 12
1994 13
1995 15
1996 17
1997 22
Source: data reworked Source: data reworked from Tab. 3.4.2.1.3 
Tab.3.4.3.10.3 Olive oil consumption in all importer-only countries
Year Consumption (thousand tons)
1982 30
1983 30.5
1984 30.6
1985 45.5
1986 48.6
1987 46.5
1988 47
1989 50
1990 46
1991 49.5
1992 68.5
1993 60
1994 62.5
1995 61.5
1996 56.5
Source: data reworked from Tab. 3.4.2.1.3
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Trend scenarios: consumption and production
Tab.3.4.4.1 World olive oil consumption and production for the year 2000 
{calculated trend scenario)________________________________________
Country g roup Consumption ( thousand  to n s )  Production ( thousand  to n s )
EU (15) 1 3 8 0 1 4 4 0
of which Germany, Benelux and  UK 4 7 0
Tunisia 5 0 .5 2 2 5
Turkey(a) 7 5 8 0
Syria(b) 8 5 1 1 8
Morocco 5 2 5 3
Algeria 2 8 .2 3 2 . 2
Remaining Producer coun tr ies (c ) 6 0 .5 7 8 . 8
US 1 4 4 .0 4
Australia 2 3 .5 0 ,2
Only Importer coun tr ies 7 3 .0 0
World 1 9 7 1 .7 2 0 3 1 . 2
Source: data reworked from Fig. 23 to Fig.38 except for (a) taken from 3.4.3.3, (b) from
3.4.3.5, (c) from 3.4.3.9
Tab.3.4.4.2 World olive oil consumption and production {Projected trend scenario)
Year Consumption ( thousand  to n s )  Production ( thousand  to n s )
1 9 8 2 ( a ) 1 6 1 0 .1 1 3 4 1 .3
1 9 8 3 ( a ) 1 6 8 5 .4 1 8 5 9 .7
1 9 8 4 ( a ) 1 6 4 7 .9 1 6 0 4 .9
1 9 8 5 ( a ) 1 6 8 4 .4 1 6 1 9 .1
1 9 8 6 ( a ) 1 7 3 4 .9 1 6 6 8 .5
1 9 8 7 ( a ) 1 7 8 2 .4 1 5 3 5 .7
1 9 8 8 ( a ) 1 8 2 2 .7 2 0 1 6 . 2
1 9 8 9 ( a ) 1 7 5 2 .5 1 4 4 2 .1
1 9 9 0 ( a ) 1 7 0 6 .7 1 7 9 2 .6
1 9 9 1 ( a ) 1 6 7 3 .0 1 4 5 2 .7
1 9 9 2 ( a ) 18 5 7 .1 2 2 0 5 . 8
1 9 9 3 ( b ) 1 8 9 7 1 8 1 1 .5
1 9 9 4 ( b ) 1 8 9 0 .5 1 7 2 3 .0
1 9 9 5 ( b ) 1 8 7 9 .5 1 8 5 5 .0
1 9 9 6 ( b ) 1 7 5 1 1 6 2 7 .5
1 9 9 7 ( b ) 1 9 4 9 2 2 4 0
2 0 0 0 1 9 5 0 2 0 0 5
Source: data reworked from (a) Tab.3.4.2.1.1-3; (b) from IOOC, 1996b
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Tab.3.4.4.3.1 World olive oil consumption for the year 2000: comparison between 
the calculated and the IOOC trend scenarios
Country group Calculated scenario  
( thousand  to n s )
IOOC scenario 
( thousand  to n s )
EU (15) 1 3 8 0 1 4 0 7
Tunisia 5 0 .5 5 7 . 3
Turkey(a) 7 5 2 8 . 2
Syria(b) 8 5 6 0 . 9
Morocco 5 2 5 7 . 9
Algeria 2 8 .2 2 8 . 2
Remaining P roducer coun tr ies(c) 6 0 .5 8 0 . 8
US 1 4 4 .0 1 4 8 .4
Australia 2 3 .5 2 2 . 6
Only Importer coun tr ies 7 3 .0 8 3 . 7
World 1 9 7 1 . 7 1 9 7 5 . 0
Source: data reworked from Tab. 3.4.4.2, except for (a) taken from Tab.3.4.3.3, (b) from
3.4.3.5, (c) from Tab.3.4.3.9.
Tab.3.4.4.3.2 World olive oil production for the year 2000: comparison between the 
calculated and the IOOC trend scenarios
Country g roup IOOC scenario 
( thousand  to n s )
Calculated scenario
(IOOC, 1994) ( thousand  to n s )
EU (15) 1 5 4 4 .3 1 4 4 0
Tunisia 2 2 8 2 2 5
T urkey 36 .1 8 0
Syria 7 5 .3 1 1 8
Morocco 6 6 .6 5 3
Algeria 3 2 .2 3 2 . 2
Remaining Producer countr ies 8 5 .5 6 6 . 8
US 1 .8 4
Australia 0 .3 0 .2
Only Importer coun tr ies 0 0
World 2 0 7 0 .1 2 0 1 9 . 2
Source: data reworked from Tab.3.4.4.2 and from IOOC, 1996a
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Tab.3.4.4.3.3
World olive oil production and consumption for the year 2000: comparison between, 
calculated, projected and IOOC trend scenarios __________
Scenario Consumption ( thousand  to n s ) Production (thousand  to n s )
Calculated 1 9 7 1 .7 2 0 1 9 . 2
Projected (a) 1 9 5 0 .0 2 0 0 5 . 0
IOOC 1 9 7 5 .0 2 0 7 0 .0 1
A verage 1 9 6 5 .6 2 0 2 8 . 0 4
Source: data reworked from 3.4.4.3.1-2; (a) from Fig.39-40
Tab.3.4.4.3.4 
World olive oil production and consumption for the year 2010: projected trend 
scenario
Scenario Consumption ( thousand  to n s )  Production ( thousand  to n s )
P ro jec ted 2 1 4 0 . 0  2 2 1 7 . 5
Source: data reworked from Fig.39-40
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Active scenarios: consumption
Tab.3.5.1 Estimates for population in selected countries (thousand, horizons 2000 
and 2020
Country g roup Y ear 2000  Year 2010  (b )  Year 2020
Germany 8 3 7 4 1 8 2 7 5 1 8 1 7 7 1
N etherlands 1 6 0 7 9 1 6 7 4 5 1 7 4 1 0
Belgium and  Luxembourg 1 0 6 7 3 1 0 8 0 9 1 0 9 4 5
United Kingdom 5 9 6 1 3 6 0 8 4 6 6 2 0 8 0
US 2 7 6 2 4 2 3 0 1 0 8 6 3 2 5 9 2 9
Canada 3 1 0 2 9 3 3 9 5 8 3 6 8 8 7
Australia and  New Zealand (a) 2 2 8 2 0 2 6 2 4 3 2 9 6 6 6
Japan 1 2 6 4 7 2 1 2 5 2 2 2 .5 1 2 3 9 7 3
Argentina (a) 3 6 5 8 3 4 1 7 0 5 4 6 8 2 6
Brazil (a) 1 7 4 2 5 6 2 0 5 6 2 2 2 3 6 9 8 8
Source: data reworked from EUROSTAT 1995, except for (a) from World in Figures, 
The Economist, 1997; (b) reworked as the average between the years 2000 and 2020
109
Tab.3.5.2 Strong variant of the expert-based scenario for olive oil consumption 
(thousand tons, horizons 2000 and 2010) ______________________________
Country g roup (i) Theoretical model 
Horizon 2 0 0 0 - to ta l  
( thousand  to n s )
(ii) Theoretical model 
Horizon 2 0 1 0 - to ta l  
(thousand  to n s )
Difference
(Active-Trend)
scenarios
( 2 0 1 0 )
Germany, Belgium, Luxembourg, 
Netherlands, United Kingdom 
to g e th e r
6 1 .5 1 3 8 .5 6 7 .5
US 1 4 9 .0 2 1 7 .5 2 .5
Canada 2 8 .0 6 4 .5 3 2 .5
Australia 23 .1 3 4 .5 0.1
Japan 25 .1 6 2 .0 4 7 . 5
Brazil and  Argentina 2 0 .5 2 7 .5 3 .5
Turkey(a) 7 5 150 .1 8 4 .5
Cyprus(a) 1 2 .7 n.a n.a.
Syria(b) 1 1 0 n.a. n.a.
Morocco (c) 71 1 3 9 6 8 .5
(Active - Trend) world scenario3 1 7 2 .5 3 0 6 . 6 3 0 6 . 6
Source: data reworked from the models in Fig. 56 (Turkey), 57 (Morocco), 58 (Syria), 54 
(Germany, Benelux and UK), 55 (Brazil and Argentina), 50.1-2 (US), 51.1-2 Australia, 
52 (Canada), 53 (Japan), (a) from IOOC, 1996a; (b) from IOOC, 1996b, p. 15; (c)from 
Moroccan Minister of Agriculture and Agricultural Valorization, 1995;
Tab.3.5.3 Strong versus weak variants of the expert-based scenario for olive oil 
consumption (thousand tons, horizons 2000 and 2010)
(Active - Trend) Scenarios
Horizon 2 0 0 0 Horizon 2 0 1 0
(thousand  to n s ) ( thousand  to n s )
Strong hypo thes is 1 7 2 .5  3 0 6 . 6
W eak hypo thes is 1 7 2 .5  1 5 3 .6
Source: data reworked from Tab.3.5.2
3 The overall world trend figure is obtained by summing up the trend figures of all countries (eg. 
Fig. 49.4 (US), 49.5 (Australia), 49.6 (Germany, Benelux and UK), 49.7 (Brazil and Argentina). The 
data for the active figure have been obtained: (i) for the horizon 2000. as the difference between 
the values in Tab.3.5.2 and the corresponding values of the calculated trend scenario shown in 
Tab.3.4.4.3.1; (ii) for the horizon 2010. from the expert-based models shown in Fig. 56 (Turkey), 
Fig.57 (Morocco), Fig.58 (Syria), Fig.54 (Germany, Benelux and UK), Fig.55 (Brazil and 
Argentina), Fig.50.1-2 (US), Fig.51.1-2 Australia, Fig.52 (Canada), Fig.53 (Japan).
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Tab.3.5.4 IOOC-based scenario for olive oil consumption (thousand tons, horizons 
2000 and 2010)
Country Active 
scenario 
(horizon 2000)
Active 
scenario 
(horizon 2010)
Japan 42.5 125.0
South Korea, Malaysia, Taiwan 25.0 40.0
and Hong Kong together
Australia 22.5 25.0
Germany, Benelux and UK 60.0 120.0
together
Brazil and Argentina 20.0 24.0
Canada 25 55
China n.a. 5.0 (?)
US 150.0 185.0
(Active - Trend) scenario 69.5 155.0
Source: IOOC experts, Mr Aurelio Segovia, personal communication
Tab.3.5.5 Strong variant of the expert-based scenario (i) compared with IOOC- 
based (ii) scenario for olive oil consumption (thousand tons, horizon 2000)
Models (i) (ii)
Genmany, UK and 61.5 60
BENELUX together
US 149 150
Canada 28 25
Australia 23.1 22.5
Japan 25.1 42.5
Brazil and Argentina 20.5 20
Turkey 75 n.a.
Cyprus 12.7 n.a.
Syria 110 n.a.
Morocco 71 n.a.
Source: data reworked from Tab.3.5.2 and Tab.3.5.4
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Tab.3.5.6 Strong variant of the expert-based scenario (i) compared with IOOC- 
based (ii) scenario for olive oil consumption (thousand tons, horizon 2010)
Models (i) (ii)
Genmany, UK and 138.5 120
BENELUX together
US 217.5 185
Canada 64.5 55
Australia 34.5 25.5
Japan 62 125
Brazil and Argentina 27.5 24
Turkey 150.1 n.a.
Morocco 139 n.a.
Source: data reworked from Tab.3.5.2 and Tab.3.5.4 
Tab.3.5.7
World olive oil consumption for the years 2000 and 2010: comparison between 
active and trend scenarios
Scenario Horizon 2 000  ( thousand  to n s ) Horizon 2010  ( thousand  to n s )
A verage Trend 1 9 6 5 .6 2 2 1 7 . 5
Active Expert-based(i) 2 1 3 8 .1 2 5 2 4 .1
( strong h yp o th esis)
Active E xpert-based  (i) n.a. 2 3 7 1 .1
(w eak  h yp o th esis)
Active IOOC-based (ii) 2 0 4 4 . 5 2 3 7 2 . 5
Average Active 2 0 9 1 . 3 2 4 2 2 . 5 7
A ccep ted  Calculated Active 2 1 3 8 .1 2 3 7 1 .1
Source: data reworked from 3.5.2-4 and Tab.3.4.4.3.3-4
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Active scenarios: production
Tab.3.5.8 World olive oil production active scenario for the year 2000
Country g roup Horizon 2 0 0 0  
( thousand  to n s )
Horizon 2 0 1 0  
( thousand  to n s )
BJ 1 5 4 4 1 5 8 0
Tunisia 2 1 5 2 2 0 ( a )
Morocco 8 0 ( a ) 8 6 ( a ,b )
Turkey 1 2 0 ( c ) 2 0 0 ( a )
Syria(a) 9 6 1 1 7
Algeria(a) 2 5 .9 4 2 .5
Remaining producer  coun tr ies 8 0 1 0 0
World Active scenario 2 1 2 8 . 9 2 3 4 5 . 5
World Trend scenario 2 0 2 8 . 0 4 2 2 1 7 . 5
(Active - Trend) world scenario 1 2 1 .8 6 1 2 8
Source: data reworked from Tab.3.5.7-8-9-10-11, except for (a) Mr Hedi Guerbaa, IOOC 
Adjoint Director, personal communication; (b) Moroccan Minister of Agriculture and 
Agricultural Valorization, 1995; (c) IOOC, 1996a
Trend vs Active scenarios: production and consumption
Tab.3.5.9
World olive oil consumption and production for the years 2000 and 2010: 
comparison between trend and active scenarios____________________
Consumption Scenario Horizon 2 0 0 0  
( thousand  to n s )
Horizon 2 0 1 0  
( thousand  to n s )
Horizon 2 0 2 0  
( thousand  to n s )
Trend 1 9 6 5 .6 2 1 4 0 . 0 2 2 6 0 . 0
Active 2 1 3 8 .1 2 3 7 1 .1 2 5 5 0 . 0
Production Scenario Horizon 2 0 0 0  
( thousand  to n s )
Horizon 2 0 1 0  
( thousand  to n s )
Horizon 2 0 2 0  
( thousand  to n s )
Trend 2 0 2 8 . 0 4 2 2 1 7 . 5 2 4 9 0 . 0
Active 2 1 2 8 . 9 2 3 4 5 .5 2 5 9 0 . 0
Source: data reworked from Tab. 3.5.2.7-8, 3.4.4.3.1-3 and 3.5.2 to 3.5.8.
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APPENDIX II
FIGURES
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Fig.2 Consumption of vegetable oils in 1994.
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Fig.3 World population by region
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Fig. 4 Population growth from 1993 to 2025
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Per capita annual consumption of oils and fats 
related to per capita real income
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Fig.7 Relationship between Normalized GDP Growth (NGDPG) and 
Normalized Fat Consumption Growth (NFC)
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Fig.8 Profile of main dietary oils and fa ts
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Healthy Index (HI) for main fats used in human diet
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Fig. 11 Main oils and fats producers
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Fig.12 Major consumers of oils and fats
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Fig. 13 Relationship between per capita observed annual Fat Consumption Growth (FCG) in 1993 
and theoretical annual Fat Consumption growth Trend (FCT) in 2025
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Fig. 14 Olive sbspecies and varieties which can be attributed to Olea 
europea L. (Cifferi and Chevallier)4
Euro-Mediterranean subspecies:
-Sativa group (O. sativa Hoffm and Link)
-Oleaster group (O. oleaster Hoffm and Link)
They have thick, oily, plump-fleshed drupes and composite clusters of inflorescences.
Laperrini sub-species:
Spread from Atlantic Morocco from Cyrenaica, it cannot be used for human 
consumption; it has small drupes, with little oil.
Cuspidata sub-species:
A spontaneous plant that grows in the Himalayas and other areas of Asia, it has a small 
drupe, with little oil and is of no commercial use.
4 Chevallier believes the oleaster to be a regression of the cultivated olive because when tended, it 
abandons its wild appearance and the fruit grows in size. He considers that both should be 
classified in the sativa group.
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A list fo llow s o f  the major varieties in the o liv e  produ cin g w orld.
Country Region Variety Use lir.pon.mcs 
in country
Fruit
size
Oil
yield
ALGERIA Kabylia Chemlai
Azeratij
Sigoise
Oil
O/T
Ta'ole
40%
3%
20%
Med.
Lg-
Lg.
Med.
Med.
High
ARGENTINA La Rioja Arauco O/T Lg. High
SPAIN Jaen
Cordova
and others
La Mancha
Seville
Catalonia
Aragon
.Andalusia
Seville
Picual
Hojiblanca
Cornicabra
Lech in
Arbequina
Smpeltrc
Manzaniila
Gordal
Oil
O/T
Oil
Oil
Oil
Oil
Table (g) 
Table Cg)
30%
11% 
15% 
11% 
4% 
3% 
3% 
3%
Med.
Med.
Med.
Sen.
Sin.
Med.
Med.
Lg.
High
Med.
High
Med.
Med.
High
Med.
USA California Mission
Manzanillo
Table 
Table (g)
10-%
60%
Med.
Med.
High
Med.
FRANCE Languedoc
Nyons
Provence
Picholine
Tanche
Aglandeau
Table (g) 
Table (g) 
Oil
Lg.
Lg-
Med.
Med.
High
Med.
GREECE Crete
Various
Peloponnese
Koroneiki
Mastoidis
Conservolia
Kalamata
Oil
Oil
Table (b) 
Table (b)
Sm.
Sm.
Lg-
Lg-
Med.
High
ISRAEL Various Souri Oil Sm. Med.
ITALY Central
Puglia
Various
Frantoio
Moraiolo
Coratina
Leccino
Ascolana
Oil
Oil
Oil
Oil
Table fg)
Med.
Med.
Lg.
Med.
Lg-
Hitch
High
High
High
LF.ISANON Various Soury O/T Med. Med.
MOROCCO Various M.Picholine O/T Main Med. Med.
PORTUGAL Various Galega
Carrasquenha
Redondil
O/T
O/T
O/T
Main Sm.
Med.
Lg-
Med.
Med.
Med.
SYRIA Various Kderia Oil Med. High
TUNISIA Central and 
South 
North 
• Various
Chemlali
Chetoui
Meski
Oil
Oil
Table
Sm.
Med.
Lg-
Med.
Med.
Med.
TURKEY Aegean
Marmara
Aegean
Ayvalik
Gemlik
Memecik
Oil
Table (b) 
Table (b)
Med.
Med.
Med.
Med.
Med.
Med.
YUGOSLAVIA Dalmatia
Montenegro
Oblica
Zutica
O/T
O/T
61%
10%
Lg-
Lg-
High
High
F ig .15
Source; IOOC, 1993(c)
O -  Variety su itab le  Tor oil p ro d u ctio n  -  Oil 
T -  Variety su itab le  for tab le  o live p roduction  -  T ab le  
O /T  -  D ual-purpose b  -  b lack  g -  g reen
T he tab le b e lo w  sh o w s h ow  the o live  is distributed by country.
Country | Mr).olives (000) Area (ha)
A1 peri a
iI
16.4.30 162.800
Angola 1 40 400
F.gypt 1.650 10.500
Libya •1.000 100.000
M orocco 33.000 330.000
South Africa 300 2.500
Tunisia 55.227
•
1.-100.000
Argentina 5.000. 50.000
Brazil 84 840
C hile 275 3.070
M exico •ISO 6.000
Peru 560 5.603
U nited States 1 '5 0 14.500
U ruguay 316 891
A fghanistan LOGO ■_
China 20.000 128,000
Cyprus 1.290 6 .880
Iran 750 10.000 -
Iraq 750 10.000
Israel 1.520 12.600
Jordan 2.670 16.360
Lebanon 6.000 32.000
Syria 36,000 327.037
Turkey 83.000 820.000
Albania 5.500 39.300
France 5,000 44.600
G reece 120,000 758.100
Itaiy" 125,000 1.1 “6.5 56
Malta 23 200
Portugal ‘*9.496 1.114.000
Spain 167.000 2.087.000
Y ugoslavia 4.104 29.960
Australia 208 2.000
W orld total 748,423 8 .701.697
M editerranean countries 714,240 8 .461,533
"Specialized ('live orchards
Fig .17 .1-
Source; IOOC, 1993(c)
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Fig.18.1
World production of olive oil 
(average 1983-1993)
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Fig.18.2
World consumption of olive oil 
(average 1983-1993)
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Fig. 19 Inelastic responce of olive oil to price variation
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Source: data reworked from Munoz Vllchez and Gomez Munoz, 1996, and Sullivan, 1997 
Fig. 20 Evolution of world consumption of olive oil (1970-1996).
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Fig.21 Evolution of world consumption of olive oil (1970-1996).
2000 i .......................     -..........................................................
1800
1600
co 1400
1200
^  1000  * n 
to
i  800 -
SZ
*“ 600 *
400 - 
200 -
0 T 1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1----1
T— CVI c o i n CO c o 0 ) o T“ CVI CO i n ( 0 N 0 5 o CVI CO i n
N N N N N N N CO CO CO CO c o c o CO CO CO 0 5 0 5 0 5 0 5 0 5
O 2 - CM CO i n h - c o 0 5 o r - CVI CO i n CO CO 0 5 r - CVI CO
N N N N N N N s CO c o CO c o c o CO CO c o CO 0 5 0 5 0 5 0 5
0 5 O ) o > O ) O ) O ) O ) 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5
T- T— T- T— T— T - T- ■i— y— T - 1— T” T - T— T-* T - T— T— T— T -
Source: IOOC, 1992 and IOOC 1995 
Fig.22
Olive oil consumption in the EU (1995-96 crop year)
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Fig.23
Olive oil consumption in the EU
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Olive oil production in the EU
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Fig. 27
Olive oil consumption in Turkey
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Fig.28
Olive oil production in Turkey
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Fig.29
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Olive oil consumption in Morocco
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Fig.30
Olive oil production in Morocco
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Fig. 31
Olive oil consumption in Syria
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Olive oil production in Syria
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Fig.33
Olive oil consumption in the US
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Olive oil consumption in Australia
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Fig.35.1
Olive oil consumption in Gemany, Netherlands 
Belgium, Luxembourg and UK together
45
40
Predicted Y
•  •>
200019901980 1985 1995
Source: data reworked from Tab. 3.4.2.1.4
Fig.35.2
<9
V)
9OJCH
Olive oil consumption in Canada
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Fig.35.3
Olive oil consumption in Japan
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Fig.36.1
Olive oil consumption in remaining producer 
countries
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Fig.36.2
Olive oil consumption in Brazil and Argentina together
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Fig.37
Olive oil production in remaining producer 
countries
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Olive oil consumption in only importer 
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Fig.39
World olive oil consumption
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Fig.43.1
World consumption and production of olive oil: 
different scenarios
1980
. C a lc u la te d
1970
1960
S 1950
Projected
5  1940 
e
£  1930
1920 -
O 1910 -
1900
2000 2020 2040 2060 2080
■ Y
“ Predicted Y
Production (thousand tons)
Source: data reworked from Tab. 3.4.4.3.3
Fig.43.2
Normal Probability for world consumption of 
olive oil: different scenarios
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Fig.43.3
Normal Probability for world olive oil 
production: different scenarios
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World production of olive oil 
(Trend scenario, horizon 2000)
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Source: data reworked from Tab. 3.4.4.3.2
Fig.45
World consumption of olive oil
(Trend scenario, horizon 2000)
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Fig.46
Mediterranean shares of olive oil production and employment
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T rend scenario  (lin ea r m odel): horizons 2 0 0 0  an d  2 0 1 0
Fig.49.1
Olive oil consumption in Turkey: 2010 trend scenario
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Fig.49.2
Olive oil consumption in Morocco: 2010 trend 
scen ario
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Fig.49.3
Olive oil consumption in syria: 2010 trend scenario
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Fig.49.4
Olive oil consumption in the US: 2010 trend scenario
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Fig.49.5
Olive oil consumption in Australia: 2010 trend  
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Fig.49.6
Olive oil consumption in Germany, Benelux and UK 
together: 2010 trend scenario
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Olive oil consumption in Brazil and Argentina 
together: 2010 trend scenario
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Olive oil consumption in Canada: 2010 trend
scen ario
2 5  -
♦  S er ie s l  
"“ Linear (Seriesl)
JC
1 0 -
20101 9 9 5 2000 2 0 0 51 9 9 01 9 8 0 1 9 8 5
Source: data rew orked from  Tab. 3 .4 .2 .1 .3  and IO O C  1996(b )
143
Fig.49.9
Olive oil consumption in Japan: 2010 trend scenario
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Fig.49.10
Olive oil world consumption: 2010 trend scenario
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Active scenarios for olive oil consumption (non-linear models): horizon 2000 and 2010
F i g . 5 0 . 1 ________________ ______________________________________
Projection of olive oil consumption in the US
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Fig.51.1
P r o j e c t io n  o f  o l i v e  o i l  c o n s u m p t i o n  in  A u s t r a l ia
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Projection of olive oil consumption in Australia
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Fig.52
Projection of olive oil consumption in Canada
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Projection of olive oil consumption in Japan
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Projection of olive oil consumption in Germany, 
Benelux and UK together
140 y -  0.1625x c - 644.1 *x + 638267
120
100
vtee<+*
40
♦  Seriesl 
""""Poly. (Seriesl)
1990 1995 2000 20101980 1985 2005
Source: data reworked from Tab. 3.4.3.8
Fig-55_____________________ _________________________ _
Projection of olive oil consumption in Brazil and 
Argentina together
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Fig.56
Projection of olive oil consumption in Turkey
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Projection of olive oil consumption in Morocco
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Fig.58
P r o j e c t i o n  o f  o l i v e  o i l  c o n s u m p t i o n  in  S y r i a
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Fig.59
W o r ld  c o n s u m p t i o n  o f  o l i v e  o i l :  T r e n d  s c e n a r i o
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5 This trend scenario has been set up through a logarithmic model (non-linear model), unlike the 
trend scenario set up through a linear model (Fig.40.9), in order to compare the trend and active 
hypotheses through coherent models. It is important to highlight that the difference between 
these models is evident at 2010 horizon.
Fig.60
World consumption of olive oil: Active 
Scenario
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Fig.61
World consumption of olive oil: Trend versus Active
scenarios
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Fig.62
Concordance of (i) and (ii) models 
for olive oil consumption (Active scenario 
SUMMARY ___________ horizon 2010) (Anova, single factor)
Groups Count Sum Average Variance
Column 1 6 544.5 90.75 5405.175
Column 2 6 534.5 89.0833333 4177.24167
ANOVA
Source of 
Variation
SS df MS F
Between 833333333 1 833333333 0.0017393
Groups
Within Groups 47912.0833 10 4791.20833
Total 47920.4167 11
P-value F crit
0.96755491 4.96459052
Source: data reworked from Tab.3.5.2.12
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Fig.63
World consumption of olive oil (Active scenario, horizon 2010)
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Active scenarios for olive oil production (non-linear models): horizon 2000 and 2010
Fig.64
Olive oil production trend in the EU
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Source: data reworked from Tab. 3.4.2.1.2 and IOOC, 1996(b)
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Fig.65
Olive oil production in minor producer 
countries
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Fig.66
Projection of olive oil production in Tunisia
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Projection of olive oil production in Morocco
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Fig.68
Projection of olive oil production in Turkey
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Fig.69
Projection of olive oil production in Syria
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Fig.70
Projection of olive oil production in A lgeria
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Fig-71
World production of olive oil: Trend Scenario
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World production of olive oil: Active Scenario
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Fig-73
World production of olive oil: Trend and Active
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Trend and Active scenarios fo r  consumption and production o f  olive oil 
Fig.74
World production and consumption of olive oil: Trend and 
Active scenarios at the horizons 2000,2010 and 2020
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Fig.75
Trend and Active scenarios of olive oil world demand
and supply
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Tab.l. Summary of the field work: subjects and chapters
Section 1: Olive production in Andalusia: overall approach 
Section 2: Historical overview of the rural environment in Andalusia;
Section 3: Technological profile of olive production in Andalusia;
Section 4: Socio-economic analysis of olive production in Andalusia;
Section 5: Environmental analysis of olive production in Andalusia;
Section 6: Cultural analysis of olive production in Andalusia;
Section 7: Sustainabiltiy of olive production in Andalusia: discussion and conclusions.
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Tab. 1 Classification and Andalusian denomination of main agrarian rural forms 
and English translation utilised
Farm
Type
Rich From Poor to 
Moderately -Rich
Poor
Main
produce
Bullfighting
bulls
Cortijo
ganadero/dehesa
Cereal Cortijo cerealista Cortijo cerealista Cortijo/finca
Wine Lagar Lagar/Vina Vina
Olive Hacienda de 
olivar(big mansion)
Caseria Montorena
(Montoro-type
mansion)
Caserfa (small 
mansion), Cortijo 
(farm-house), 
Molino (olive-mill)
Source: Floric o Trujillo, 1996, pp.271-413
Tab.2 Main fertilizer input in selected Mediterranean countries
Region Productivity
(kg/tree)
N (g) P205 (g) K20(g) Ratio
Montpellier 20 1500 300 1000 5:1:33
Jaen 30 1050 250 1900 4.2:1:7.6
Seville 36 1000 250 1400 4:1:5.6
Sfax 47 1250 150 1100 8.3:1:5.6
Source: International Olive Oil Council, 1993.
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Tab.3 Definition of socio-economic, environmental and cultural criteria
Criteria:
Socio-economic
Farm Type Intensive Conventional Traditional
High input of capital 
and technology 
Low level of 
permanent jobs
Moderate input of 
capital, technology 
and permanent jobs
Low input of capital 
and technology; 
high level of 
permanent jobs
Criteria:
Environmental
Farm Type Intensive Conventional Ecological
Technologies
consuming
environmental
resources
Combination of
technologies
consuming and
preserving
environmental
resources
Technologies
preserving
environmental
resources
Criteria:
Cultural
Farm Type Rich Moderately -Rich Poor
Big mansions,
Montoro-type
mansions
(Haciendas,
Caserfas
montorenas)
Olive milling farms, 
farm-houses 
(Molinos, Cortijos)
Small mansions 
(Caserfos)
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Tab.4 Classification of examined farms according to different criteria
Farm Socio-economic Environmental Cultural
Gloria Vendrell Intensive Conventional Poor (caseria)
Pastor Intensive Intensive Poor (caseria)
Augustin Intensive Intensive Poor (caseria)
Nufiez del Prado Intensive Ecological Rich (hacienda)
De Frias Intensive Intensive Poor (caseria 
Montorena)
Marques de 
Benavides
Intensive Intensive Rich (hacienda, 
caseria Montorena)
Jolma Intensive Intensive Rich (hacienda)
Rafael Intensive Intensive Moderately Rich 
(caseria Montorena)
Cristobal Conventional Conventional Poor (caseria)
Cabreros Conventional Conventional Poor (caseria)
Castellanotti Conventional Conventional Poor (caseria)
Coop.Genave Traditional Ecological Poor (caseria)
Pajardn Traditional Ecological Poor (caseria)
Manolo Pajaron Traditional Ecological Poor (caseria)
Arias Traditional Ecological Poor (caseria)
Arias-Sanchez Traditional Ecological Poor (caseria)
Concepcion
Sanchez
Traditional Ecological Poor (caseria)
Source: data reworked from Tab.2 and from field
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Olive oil processing: conventional processes, recent technological breakthroughs 
and trends
1. The traditional olive oil extraction process
This process, dating back in its current form to the beginning of the XX^1 century, is 
discontinuous. After washing, the olives are crushed into a paste to which water (usually 
3-5 liter/100 Kg olives) and often a little bit of talc is added. The resulting mix is then 
kneaded for some time. In some cases, the oil released at this stage before pressing is 
collected separately. This stirred paste is then spread in layers between circular mats piled 
up to a height of 3 to 4 m. This pile is then vertically pressed. The oil/water mixture thus 
produced is collected at the bottom and sent to settling tanks where the aqueous phase 
sinks to the bottom and the oil floats. The mats are then removed from the press and 
cleaned for reuse. This process, carried out at a maximum temperature of about 35°C, 
produces virgin olive oil and two by-products: the crude olive cake, a flaky and moist 
solid collected from the mats, and the wastewaters from the bottom of the settling tanks. 
The latter are then sent to a cascade of settling tanks or centrifuged to recover the last 
fractions of oil, usually before being pumped into drying lagoons for disposal. The 
wastewater contains 0.5 to 1.0 g oil/L (Martinez, 1995). Spreading the paste between the 
mats, piling them up and removing the exhausted cake after squeezing are difficult to 
automate, requiring manual labor (Gonzalez Vera, 1995). The crude olive cake 
containing about 20% water and 10-12% residual oil is then exhausted by extraction with 
solvent (hexane).
A synthesis of the environmental balance of olive press technology is given in the table 
Ill.iii. 1.
Table in.iii.l Main advantages and disadvantages of the press technology
Advantages Disadvantages
* relatively dry “olive cake” suitable 
for direct oil extraction with solvent.
* a discontinuous process
* known quality of oil * a labour intensive process
* not very capital intensive * as a consequence, the discharge of large 
amounts of problematic.
* possible acidification of oil
* high water consumption
* the difficulty of maintaining high 
(cleanliness, rationalization, etc.) i
2. Technological breakthrough in the olive oil processing: the centrifuge system
Although this technology began its appearance in the 1960’s, it was introduced in Spain 
in 1973 (“Pieralisi“ technology, Gonzalez Vera, 1995). In this new process, the paste 
obtained after grinding the olives is fed to a horizontal centrifuge discharging the oil, 
solids and water phases continuously. This process requires the use of up to 70% more
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water than in traditional process for optimum performance. The olive cake produced 
contains 40-50% water and 4-7% oil (Gonzalez Vera, 1995; Alba Mendoza, 1993). The 
wastewaters contain less than 0.2% oil. Operating temperature remains unchanged 
compared to the press process (~35°C).
In 1992 appeared the 2-phase continuous system developed by Fuentes-Cardona SA. The 
operating conditions of the centrifuge were modified so as to discharge two streams only: 
the oil and a wetter olive cake. Interestingly, this mode of operation requires virtually no 
water addition, thereby reducing water and energy consumption. This eliminated the 
discharge of process wastewater as a separate phase.
For an equal production volume, the centrifuge processes can operate with approximately 
5 times less labor than the discontinuous process. It is amenable to computerization and 
allows much better product quality control (Rodriguez Garcia, 1995).
Table III.iii.2 summarizes the advantages and disadvantages of the various processes 
(Alba Mendoza, 1995; Zoiopoulos et al., 1995; Ranalli et ah, 1995).
Table m .iii.2 Main advantages and disadvantages of the continuous olive oil 
processes
Advantages of the 3-phase process 
versus the discontinuous process:
Disadvantages of the 3-phase process:
* reduced labor requirements * increased water consumption
* elimination of “mat flavor” * increased production of wastewater
* possibility of “same day processing” * more capital intensive
* possibility to adapt informatics to 
the process.
* higher electric energy consumption
* cleanliness and hygiene of the 
process
* better quality control of the olive oil.
* continuous, higher output
* requires less room, no filters
Additional advantages of the 2- 
phase process:
Disadvantages of the 2-phase process:
* almost complete elimination of the 
need for process water (except for 
very difficult olives).
* wet olive cake
* drastic reduction of overall water 
consumption
* slightly lower oil yield than in the 3-phase 
system
* drastic reduction of volume and 
pollution load of wastewaters
* unknown dietary consequences of the high 
polyphenol content of the oil
* high content of polyphenols in the 
oil, improving stability and 
organoleptic properties.
* the high polyphenol content of the solid 
by-products make it unsuitable as is for 
animal feed
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The centrifuge process is also very capital intensive. As an example, an olive mill could 
have invested in the new technology from $700,000 to $1.2 million, employing only 5-10 
workers this is up to 300% more capital intensive than traditional mills (Alba Mendoza, 
1995b).
3. The consequences of technological change on the downstream operations
The advantages of the 2-phase system are the disappearance of the vegetation waters as a 
separate phase, the low water consumption and the possibility of extracting the oil which 
was previously lost with the wastewater (about 1%) (Anonymous, 1995g).
However, the appearance of a new pomace cake that includes olive wastewaters 
introduced new problems in the by-product processing downstream. The wet, plastic 
material posed problems for transport, drying and extraction, because its high content of 
sugars, pectins, resins, etc., affected the process (Alba Mendoza, 1995a). These problems 
forced the processing industry to find cost-effective special preparation of the olive- 
pomace dry cake for further oil extraction, i.e. second extraction; accordingly, increased 
drying capacity and larger dedicated lagoons for storage have been provided.
In fact, as extraction of the oil with hexane is impracticable for a cake containing more 
than 8% water, the new, wetter cake required intensive drying before extraction which 
explains the development of a new drying technology (Anonymous , 1995g). The new 
centrifuge technology assures up to 70% second extraction of the oil (average 50%) 
without addition of water while the temperature always remains below 35°C. Recycling 
the new olive cake to the process within 7 to 8 days of its production allows yield of more 
virgin olive oils (defined by the European Directive CEE 2568/91). After that, the 
extracted oil loses quality. The fully exhausted cake can be burned for energy recovery, 
either cut in blocks and used for home heating or accumulated and burned in a large 
power station such as the firm “El Tejar” in Antequera (Andalusia). The possibility of a 
second extraction of virgin olive oil from the wetter olive cake depends on the fact that 
antioxidants which in the traditional processing used to go to the wastewaters now remain 
within the olive cake, protecting the oil from oxidation: this is the most important benefit 
provided by this new centrifuge technology (Lobillos Rios, 1995). However, the 
economic viability of this system depends on higher capital investment and maintenance 
costs compared with traditional systems.
Analysis of the overall environmental balance of olive oil extraction processes is 
provided in the following Text Box.
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Text Box
A brief environmental balance of olive oil extraction proc
Environmental concerns were a major factor contributing tc 
First, compared to the traditional press process, the 3-ph 
following table , significantly increases the overall use o 
because it needs essentially no process water, reduces the 
65-70% compared to the 3-phase system, reducing propo 
energy (Alba Mendoza, 1993). The production of 
consumption. The 2-phase system reduces the overall vol 
70% and the total organic load by 90 to 94% compared 
Mendoza, 1993). The COD (Chemical Oxygen Demand, a 
load) of the effluents is in the range of 9 000 to 12 000 ppn 
it is about 60 000 ppm for the 3-phase system and 120 000 
system. Table 3 presents a comparison of the wastewater < 
processes. These data are averages over a sample of 81 o 
campaign 1993/94 (indicated in Table III.iii3, referred to 3 
and 172 2-phase systems, from Alba Mendoza, 1995a; Mart
Table IH.Iii.3 Comparison of the wastewater productio 
oil production processes for the treatment of 100 kg of o
esses
this technological transition, 
ase process, as shown in the 
f water. The 2-phase system, 
overall water consumption by 
rtionally the need for heating 
wastewaters follows water 
ume of wastewaters by 60 to 
to the 3-phase system (Alba 
measure of organic pollutant 
i for the 2-phase system while 
to 130 000 ppm for the press 
lischarge profiles of the three 
ive mills in Andalusia in the 
9 presses, 79 3-phase systems 
Inez, 1995).
u of the various virgin olive 
ives in Andalusia
Press 3-phase centrifuge 2-phase centrifuge
Olives processed (kg) 100 100 100
Olive wash water (1) 3.52 9.25 5.86
Process water (1) 53.61 95.20 0
Oil wash water (1) 0.87 18.00 15.84
Total wastewater (1) 57.99 122.45 21.71
Proportion vs. 2-phase 2.7 5.6 1
COD of effluents (ppm) 130 000 55-65000 9-12000
Source: data reworked from Alba Mendoza (a), 1995
Because olive oil is a product typical of Mediterranean areas where water resources are 
often scarce, this water savings aspect is very significant Additionally, because the 
process is run at close to 35°C, the water savings double up as energy savings.
For a full comparison, an environmental balance of the whole processing chain should be 
performed, including also the downstream processing of the olive cake. The olive cakes 
from the new centrifuge processes are significantly wetter than the traditional olive cake 
and require energy input for drying before the remaining oil can be extracted. The 
exhausted cake however, can be use as fuel to recover energy, as is the case at the 
cogeneration plant of El Tejar, in the province of Cordoba. In any case, the most visible 
aspect of the technological change in the Andalusian countryside is the rapid 
disappearance of the discharge of black wastewaters from olive mills.
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4. Trend and impacts of new extraction technologies
Press technology is the more traditional olive oil extraction process, which needs little 
water but produces very pollutant wastewaters (BOD up to 120 g/kg). The use of this 
technology is declining primarily due to the high associated labour costs, but it still 
accounts for half of world production.
The centrifuge technology, introduced to save labour, requires more water (100% of 
olives mass) and produces even more wastewater (up to 130% of olives mass). Capital 
needs, water availability and pollution limit the use of this technology to one third of the 
world olive oil production. On the other hand, after joining the EU, Spain had to fulfil 
with the EU requirements in water quality, and had to reduce the pollutant wastewaters 
coming from its olive oil mills. Evaporating vats, which are the most cost-effective 
solutions in Italy and Greece, do not solve the problem in Spain, because of the higher 
concentration and bigger size of the mills. Accordingly, the new 2-phase (so-called 
“ecological”) centrifugation technology was introduced at a dramatic speed in Spain 
since 1992. This technology has been adopted at a breakneck speed, supported by 
specific policies aiming to internalize the high environmental costs related with the olive 
oil industry. In three years it has become the leading technology, processing now more 
than half of the Spanish olive oil production.
Up-and downstream technologies have been developed accordingly.
• An “intelligent mill” software technology is being set up to adjust the process to the 
olive quality needs, also identifying the most remunerative strategy for by-product use 
according to the market. In the next 5 years this system could control 40% of Spanish 
mills.
• An alternative solution to control the process is being set up: the flexible centrifugation 
technology, a variant of the ecological centrifugation which consumes slightly more 
water (15% of olive mass), partially recirculated.
• On the by-product side, ecological centrifugation is used to process the wetter olive 
pomace, obtaining up to 10% more olive oil, with a high quality profile. The basic 
process sequence is recrushing, centrifuging and drying the pomace; the exhausted share 
can be used as fuel, or incorporated into animal fodder, fertilizers, activated carbon, 
bakelite or insulating bricks. A variant adds to the previous sequence a pitting operation 
to separate the pulp from the stone: the former goes to chemical extraction or animal 
fodder, the latter becomes a high quality fuel, used in the same drying cycle.
As a result of these developments, new market and job prospects are opening up during 
the last few years especially in Spain in the processing industry and in the related service 
sector, although the agricultural production of olives is becoming less labour intensive. 
Spain is in the forefront of the olive oil sector with respect to both productivity and 
rationalization levels: the technological change is significantly improving both its 
environmental performance and competitiveness, adding to the production chain a 
significant profit margin, estimated up to 20%. This technological transition is still in 
progress in Spain, and could witness a further 15% increase in olives processed with this 
system within the next 5 years. This is pushing Spain to become more protagonist in the 
future world olive oil market: traditionally a bulk producer country, Spain could
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emphasize in the nearer future its marketing potential, which has so far been 
underexploited, by promoting aggressive quality and brand policies.
A shift from low to higher skilled jobs is expected within the employment structure of the 
olive oil sector: the promotion of new entrepreneurial forces, as well as tailor-made 
education and training programmes would underpin this transition.
The other olive oil producing countries are adopting the technological innovations 
witnessed in Spain more slowly. This is mostly due to the different geographical 
distribution of the olive mills, less concentrated than in Spain. Accordingly, the related 
pollution is less concentrated geographically, and the environmental problem is perceived 
differently.
In Italy the new olive oil extraction technologies (ecological and flexible centrifugation 
systems) account for only 5% of the olive oil production, while in Greece and Tunisia 
they account for 1-2%. Nevertheless, these countries are witnessing a tendency towards 
this technology, where the flexible rather than the ecological centrifugation technology 
seems more promising. Italy could experience its introduction at a yearly rate of 5%, 
followed by Greece. It is worth noting that the overall reorganization of the olive oil 
sector in Spain has been promoted by specific policies that, financing the technological 
transition, aimed to internalize the heavy environmental costs related with the previous 
technologies.
5. Socio-economic and cultural impacts of olive cropping and olive oil technological 
breakthroughs: policy implications
The recent technological breakthroughs in the olive cropping and olive oil extraction 
activities are expected to transform and modernize radically the olive oil industry, 
making it more cost-effective and competitive. On the employment side, the impact is not 
clear, although a progressive shift from low to medium and high skilled job profiles is 
expected: in the EU producer countries, the whole sector is expected to become much 
less labour and more capital intensive at a medium term horizon (2005-2010). 
Accordingly, the countries which are investing more in technology and human capital 
will benefit more from these perspectives. On the other hand, less developed countries 
could become more marginalized in the olive business, as a consecuence of their lower 
technological and economic levels.
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Tab.l
Classification o f Spanish olive farms on the basis o f productivity
<500 sub-marginal
500-1500 marginal
, 1500-2000 marginality threshold
2000-3500 profitable
>3500 very profitable
Source: Calatrava, 1997, personal communication.
Tab.2
Average annual production performance of 160 Andalusian olive growing farms
H f l B B B B E Q I
Family Working Unit i i 1
Workers (excluding harvesting) i.i i 5
* Area (ha) 26.81 4.5 150
Farmer age 53.69 26 82
Number of working hours/ha/year 190.26 66.67 38.46
; Cost of casual worker/ha/ year (Pts* N 95400 31900 175550
Variable costs/ha/year (Pts. pa) 10337 1600 25048
Fixed costs/ha/year (Pts. pa) 17352 2328 55364
Land productivity (kg/ha/year) 2240 787 4460
Gross Land Productivity, 141090 48310 281000
without subsidies (Pts/ha/year)
Source: data reworked from Junta de Andalucfa, 1994.
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Tab.3.1.1 Intensive olive farms: annual figures
Farm Gloria
(Espejo)
Pastor
(Cordoba)
Augustin
(Baeza)
Nuhez
Prado
(Baena)
De
Frias
(Priego)
Benavide
s
(Villa
carrillo)
Rafael
(Villacar
rillo)
Jolma
(Osuna)
Outputs
Cropped area (ha) 6 1.8 6 292 100 140 190 1200
Density 130 170 120 200 140 135 68 136
Olive trees 798 306 720 64600 14000 19000 163000
Productivity 40 38 40 20 25 53 40 18
(kg/tree/year)
Yield (kg/ha/year) 5200 6500 4800 4000 3500 5190 743 2033
Source: field data, (d): dry farmed; (i): irrigated;
Tab.3.1.2 Conventional olive farms; annual figures
Farm Cristobal
(Rute)
Cabreros
(Cabra)
Castellanotti
(Carlota)
Output?
Cropped area (ha) 5 5 62
Density 80 80 50
Olive trees 400 390 3224
Productivity
(kg/tree/year)
38 40 20
Yield (kg/ha/year) 
Source: field data
3040 3200 1000
Tab.3.1.3 Traditional olive farms: annual figures
Farm Coop.
Genave
(Genave)
Pajaron
(Cortijos)
Manolo
(Rias)
Arias
(Genave)
Arias
Sanchez
(Puente)
Concep
cion
(Genave)
Outputs
Cropped area (ha) 600 10 15 10 25 10
Density 100 110 11 100 100 100
Olive trees 1000 1010 1200 1000 2500 980
Productivity 8 9 8 7.5 9 8.5
(kg/tree/year) 
Yield (kg/ha/year) 800 990 880 750 900 850
Source: field data
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Analysis o f the production systems: materials and methods
The overall process of socio-economic analysis aims to identify viable and non-viable 
productions systems in the medium-long term in order to shape policy actions.The 
analysis examines the variable Net Income (NI) -corresponding to the Net Added Value- 
normalized to Family Work Unit (FWU), to take into account both economic and social 
issues. NVA is calculated as the Gross Output (GO) minus all variable (PC), fixed (FC) 
and other costs (OC). As NI usually depends on the cropped area, it is studied as a 
function of the Usable Land per work unit (see Appendix Ill.iv, Figures).
[0] Net Income (NI) = Gross Output (crops) + Gross Output (livestock) - Variable 
Costs (PC) - Fixed Cost (FC) - Other Costs (OC, eg. Rents, Taxes, Financial 
Costs) - Salary
NI = GO (crops) + GO (livestock) - PC - FC - OC - Salary
where:
Net Income (NI) = Gross Income (GI) - Salary
Gross Income (GI) = Gross Added Value (GAV) - Fixed Cost (FC) - Other Costs 
(OC, eg. Rents, Taxes, Financial Costs)
Gross Added Value (GAV) = Gross Output (GO) - Variable Costs (PC)
Gross Output (GO) = Gross Output (crops) + Gross Output (livestock)
Results of the calculations
To calculate Net Income it is necessary to calculate Gross Output, variable costs and 
fixed costs. For doing that, the equations applied to olive production system are as 
follows:1
[1] Gross Output (GO  ^= 2Yi*Ai*Pi+2Pj*Nj
where GO is total Gross Output, i denotes crop yield and j denotes livestock breeding in 
integrated systems. GO is the sum of the product of yield (Yi), area (Ai), crop unit price 
(Pi) and livestock output unit price (Pj) multiplied by number of head of cattle (Nj).
Total Gross Added Value (GAV) -which is proportional to the cropped area- is 
calculated by subtracting from GO all the Variable Costs (PC) proportional to the unit of 
acreage (PCi) and the livestock production per capita (PCj), the latter including forage 
costs:
[2] GVA=GO-2(PCi*Ai)-ZPCj
It is also possible express the same equation in the following form:
[3] GVA = GVA (crops) + GVA (livestock)
1 A PS is a subsystem of an AS, being ‘The combination of output and means of production (fixed capital, labour and 
circulating capital) in the farm,” Chombart de Lauwe et al., 1968, pp. 12-13.
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Now it is necessaiy to calculate the Fixed Costs (FC), depending on capital consumption 
(CC) of each element composing the overall fixed capital investment. For each element 
of fixed capital k (for example machinery or buildings), used for an average time of Nk 
years, the annual capital consumption -therefore the proportion of the overall annual 
variable cost associated with the element k - is evaluated as follows:
[4] CCk = [ (acquisition price of k ) / (Nk) ] + ( annual maintenance costs of k )
In this light, the overall annual consumption of fixed capital (FCK) will be consequently 
measured by the sum of all CCk associated with all k elements, which altogether are K:
K
[5) FC = Z CCk
k = l
Accordingly, Net Income is calculated as follows:
[6] NI = GVA-FC = ( GO - C P) - FC
where the Gross Added Value is proportional to the area, while FC is, within certain 
limits, constant.
The gross income (GI) is equal to:
[7] GI = GVA-(Rents+Taxes+Financial costs) 
while net income (NI) is calculated as follows:
[8] NI = GI-Salary
Accordingly, the equation of Net Income is calculated as follows:
[9] NI = GO - PC - FC - OC - Salary
A further step is needed to calculate the Available Resources (AR) of olive farming 
families: it is given by adding to NI the income from sources different from olive 
production:
[10] AR = NI + outside incomes = ( GO - PC - FC - OC - Salary) + outside incomes
AR is compared with the minimum salary that can be obtained in this region from jobs in 
the industrial sector, which is assumed as the Reproduction Threshold (RT) described in
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section III.4.1.2 RT associated with the Net Income olive production can provide is 
assumed to be around 800.000 Pts, guaranteeing the economic viability of the farm. RT 
associated with the family Available Resources is assumed to be around 1 million Pts 
yearly, as complementary income sources -basically pensions- for olive growing 
families are estimated to be around 200.000 Pts yearly.
List of abbreviations used
AR: available resources
AS: agricultural systems
AN: Andalusia
FWU: family work unit
GI: gross income
GO: gross output
GVA: gross value added
IC : interest on circulating capital
NI: net income
NO: net output
FC: fixed costs
NWT: necessary work time
PC: production costs
PS: production system
RT: reproductive threshold
UC: using cost
VA: value added
WA: workable area
WU: work unit
FWU: family work unit
Legenda of the Tables
FWU family working unit
WUH casual worker
FWUH hours worked by the FWU
WUH hours worked by the WU
FWUE hours exchanged by the FWU
VA value added
GI gross income (including salaries)
NI net income (excluding salaries)
AI additional income
AR available resources
2 RT= This is assumed to be 800.000 Pts per family, corresponding to a monthly wage of 65.000 Pts; the overall cost of 
living is estimated around 1 million Pts, including social and health care (Instituto National de Empleo, 1997, personal 
communication).
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Tab.3.1.4.1 Intensive olive farms: annual figures
Gloria Pastor Augustin Nunez del 
Prado
De Frias Benavides Rafael Jolma
Cropped area (ha) 6 1.8 6 292 100 140 190 1200
Average yield (yearly 5200 6500 4800 4000 25 5190 40 2033
kg/ha)
Average tree 40 38 40 20 3500 - 53 743 18
productivity (yearly
kg/tree)
VA/FWU 3099089 960916 2152233 124190397 35394559 72451150 11160185 230799370
Worked hours 1163 335 1080 26864 21300 69432 13525 303456
(FWUH+WUH)
Salaries 1742000 37125 102000 15746000 13300000 23678640 5212080 129400000
WUH (casual worker) 826.2 59.4 144 15768 20784 62456 9265.92 244160
hours
FWUE work 132 80 144 0 0 0 0 0
exchange hours
FWU 1 1 1 1 1 1 1 1
WU (casual worker) 4 1 3 250 70 150 120 240
Working year (hours) 1744 1744 1744 1744 1744 1744 1744 1744
Worked 0.7 0.2 0.6 15.4 39.8 174
hours/Working year 12 8
Overall productivity 2663.8 2870.1 1234.1 4622.9 1662 1043.5 825 760.5
VA/(FWUH+WUH)
FWU gross 9190.7 3489.2 2299.4 11192.4 68394 10385.8 2,620 132339
productivity
(VA/FWUH)
FWU net productivity 6605.0 2703.8 1992.8 11192.4 68,594 10385.8 2,620 132339
VA/(FWUH+FWUE)
NI/FWU 22,094,559
1,357,089 923,791 2,050,233 108,444397 48,772310 5,948,105 101399370
Additional income Marketing eco-tourism EC Director Diplomatic Processing
source & tourism General Other crops
Additional income 6,775,000 207,927,059
(AI/FWU) - - - 122,044,607 25,000,000 25,000,000 101399370
19,896,429
-
Available resources 28,869359
(AR/FWU) 1357,089 923,791 2,050,233 250385,432 73,772310 30,948,105 303,445,799
Source: field data.
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Tab.3.1.4.2 Conventional olive farms: animal figures
Cristobal Cabreros Castellanotti
Cropped area (ha) 5 5 62
Average yield (yearly kg/ha) 38 40 20
Average tree productivity (yearly 3040 3200 1000
kg/tree)
VA/FWU 969781.5714 864634.5238 4419995.714
Worked hours (FWUH+WUH) 838 838 5156
Salaries 78435 165000 3656000
WUH (casual worker) hours 120 360 4660
FWUE work exchange hours 150 0 0
FWU 1 1 1
WU (casual worker) 1 3 4
Working year (hours) 1744 1744 1744
Worked hours/Working year 0 0 3
Overall productivity 1,157 1,032 857
(VA/FWUH+WUH)
FWU gross productivity (VA/FWUH) 1351 1,809 948
FWU net productivity 1,117 1,809 857
(VA/FWUH+FWUE)
NI/FWU 891347 699,635 763,996
Additional income source goats oil marketing
Additional income (AI/FWU) - 200,000 4,048,831
Available resources (AR/FWU) 891347 899,635 4,812,827
Source: field data
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Tab.3.1.4.3 Traditional olive farms; annual figures
Coop.
Genave
Pajaron Manolo Arias Arias-
Sanchez
Conc-
Sanchez
Cropped area (ha)/FWU 10 10.1 12 10 25 9.8
Average yield (yearly 8 9 8 7.5 9 8.5
kg/ha)
Average tree productivity 800 990 880 750 900 850
(yearly kg/tree)
VA/FWU 51306797 686632.55 839139.24 710159.683 1974945.29 705397.3
Worked hours 112560 1894.76 2251.2 1876 4690 1838.48
(FWUH+WUH)
Salaries 12800000 197960 235200 170000 490000 192080
WUH (casual worker) 25600 323.2 384 320 900 320
hours
FWUE work exchange 19200 340 400 330 600 314
hours
FWU 60 1 1 1 1 1
WU (casual worker) 80 1 1 1 1 1
Working year (hours) 1744 1744 1744 1744 1744 1744
Worked hours/Working
year 1 1 1 1 3 1
Overall productivity
(VA/FWUH+WUH) 456 362 373 379 421 384
FWU gross productivity
(VA/FWUH) 590 437 449 456 521 465
FWU net productivity
(VA/FWUH+FWUE) 483 359 370 377 450 385
NI/FWU
641,780 488,673 603,939 540,160 1,484,945 513317
Additional income source proc.& Pension& pension pension pension
mark. part-time
Additional income
AI/FWU 374,841 1,151,079 200,000 900,000 - 720,000
Available resources
AR/FWU 1,016,621 1,639,752 803,939 1,440,160 1,484,945 1,233317
Source: field data
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Tab.3.2 Job profile o f olive farms
Intensive Gloria Pastor Augustin Nunez Prado De Frias Benavides Jolma
Fixed 4 1 3 10 1 11 34
Casual 4 4 1 250 80 150 240
Conventional Rafael Cristobal Cabreros Castellanotti
Fixed 11 1 1 2
Casual 120 3 7 20
Traditional Coop. Pajaron Manolo Arias Arias- Conc-
Genave Sanchez Sanchez
Fixed 5 3 3 3 3 3
Casual 1 1 1 1 2 1
Source: field data
Tab.3.3 Average economic and job performance of olive production systems: annual
Intensive Conventional Traditional
Economic 267 159 55
Pts/ha/year
Permanent jobs/ha 0.26 0.20 0.33
Casual jobs/ha 0.87 0.70 0.09
Source: data reworked from Tab.3.1.4.1-2-3 and 3.2
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1. TYPES OF OLIVE PRODUCTION
Tab.l Olive production systems classified according to their cropping conditions: 
High productivity
Cropping conditions: High productivity
Farm Intensive-1
Benavides
(plain)
Ecological-1 
Nunez del 
Prado
Conventional
Cristobal
Geomorphology lowland plain, very moderate hilly
moderate hilly slopes
slopes
Pedology loamy loamy-clay loamy
Humidity in soil good medium-good medium
Productivity (kg/tree) 38.5 10.9 38.0
Yield (kg/ha) 5190 4000 3040
Olive age 30-80 8-35 80-220
Source: data taken 'rom field
Tab.2 Olive production systems classified according to their cropping conditions: 
Low productivity
Cropping conditions: Low productivity
Farm Intensive-2
Benavides
(mountain)
Ecological-2 
Cooperative 
Puente de Genave
Geomorphology mountain
Pedology clay
Humidity in soil low
Productivity (kg/tree) 20.0 
Yield (kg/ha) 743
Olive age 80-350
steep hills, mountain 
clay 
low 
8.0 
800 
100-200
Source: data taken from field
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Tab.3.1.1 Animal figures of olive farms; Intensive
Farm Benavides Gloria Pastor Augustin Jolma
Outputs
Cropped area (ha) 140 6 1.8 6 550
Density 135 130 170 120 150
Productivity (kg/tree) 40 (d)-53 (i) 40 38 40 40
Yield (kg/ha) 743(d)-5190(i) 5200 6500 4800 6000
Fertilizers (kglha)
N-fertilizer 200 150 216 190 210
K-fertilizer 120 110 120 125 130
P-fertilizer 20 15 20 25 25
Organic (% over total) 50 (sludge) 25 (g.m.) 0 0 0
Pesticides (kglha)
Dymethoate 0.8 2.6 2.7 - 1.0
Piretrine 0.01 - - - 0.01
Methidathion (eventual) 0.02 - - - 0.02
Carbaryl (eventual) 0.625 0.4 0.4 0.63 0.7
Copper chlorine 2.4 3.2 3.3 2.4 2.5
Simazine 1.5 2.0 1.0 1.5 1.5
Glyphosate 2.0 1.4 1.0 2.0 2.0
Machinerv
Self-propelled machines
Small tractors (50-60 hp) 1 1 1 4
Medium tractors (70-80 hp) 1 1 - - 1
Large tractors (90-110 hp) 2 - - 1
Tractor-vibrator - - - 1
Heaw machines
Cultivators 4 - 1 5
Plough 4 1 1 1 5
Twin wheels 4 1 1 1 6
Vibrator 1 - - 2
Other machines
Spreader/atomizers 3 1 1 5
Manual spreader 8 1 1 1 12
Cranes 1 - - 1
Saw 3 1 1 1 5
Rollers 4 1 1 1 6
Bars 2 - - 4
Trailers 4 1 1 6
Implements 12 4 4 18
Irrigation plant 1 - - 1
Pneumatic scissors - 1 1 - 1
Nets/poles/bags 20 5 7 35
Buildings (m2) 4 1 1 1 3
Theoretical required1 500 150 170 170 750
Old (more than 80years) 1200 - - - 950
Recent (from 10 to 80 years) 300 120 190 50 50
New (less than 10 years) 400 - - 150 250
Source: field data, (d): dry farmed; (i): irrigated; (g.m.): green manure (Leguminosae)
1 The theoretical space required for sheltering agricultural machinery and inputs is calculated according the 
estimations given by Audsley et al., 1997, p39.
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Tab.3.1.2 Annual figures of olive farms; Conventional
Farm Cristobal Cabreros Castella
notti
De Frias Rafael
Outputs
Cropped area (ha) 5 5 62 100 190
Density 80 80 50 140 68
Productivity (kg/tree) 38 40 20 25 13
Yield (kg/ha) 3040 3200 1000 3500 884
Fertilizers (kglha) 
N-fertilizer 160 150 150 225 110
K-fertilizer 120 120 150 15 120
P-fertilizer 20 20 25 30 15
Organic {% over total) 10 40 10 5 15
Pesticides (kg! ha) 
Dymethoate 0.8 1.0 0.8 8 0.9
Piretrine 0.01 0.02 - - 0.01
Methidathion (eventual) 0.02 - 0.02 - 0.02
Carbaryl (eventual) 0.6 0.4 0.4 - 0.6
Copper chlorine 2.4 3.2 2.4 2.0 2.5
Simazine 1.5 - 1.5 1.5 1.5
Glyphosate 2.0 - - 3.0 2.0
Machinery}
Self-propelled machines 
Small tractors (50-60 hp) 1 2
Medium tractors (70-80 hp) 1 1 1 1 1
Large tractors (90-110 hp) - - - - -
Tractor-vibrator - - - - -
Heavx machines 
Cultivators 1 1 1 1 3
Plough 1 1 1 1 3
Twin wheels 1 1 1 1 3
Manual vibrator 1 1 -
Vibrator - - - _ 1
Other machines 
Spreader/atomizers 1 1 2 1 3
Manual spreader 1 1 1 1 4
Cranes - - - _ 1
Saw 1 1 1 1 2
Rollers 2 1 2 1 2
Bars 1 - 2 _ 1
Trailers 1 1 1 1 3
Implements 5 7 8 9 10
Irrigation plant - - 1 - .
Nets/poles/bags 7 5 8 12 24
Buildings (m2) 2 1 1 3 3
Theoretical requirement 140 190 120 140 250
Old (more than 80years) 50 - - 100 450
Recent (from 10 to 80 years) 120 390 - 180 50
New (less than 10 years) - - 150 200 -
Source: field data
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Tab.3.1.3 Annual figures of olive farms: Ecological
Farm Nunez
Prado
Coop.
Genave
Pajaron Manolo Arias Arias
Sanchez
Concep
cion
Outputs
Cropped area (ha) 292 600 10 15 10 25 10
Density 200 100 110 11 100 100 100
Productivity (kg/tree) 20 8 9 8 7.5 9 8.5
Yield (kg/lia) 4000 800 990 880 750 900 850
Fertilizers (ktfha) 
N-fertilizer 110 150 150 160 140 160 170
K-fertilizer 130 150 150 140 150 150 160
P-fertilizer 12 20 10 10 12 14 20
Organic (% over total) 100 100 100 100 100 100 100
Pesticides (kelha) 
Copper chlorine 2.4 3.2 2.4 2.4 2.4 2.2 2.5
Pheromone trapping (kg/ha) 22 25 28 28 28 28 28
IPM (Bacillus thuringiensis) 4 3.5 3.5 3.5 3.6 3.5 3.4
Machinery
Self-propelled machines 
Small tractors (50-60 hp) 1 1 1 1 1 1
Medium tractors (70-80 hp) 1 - - - - - -
Large tractors (90-110 hp) 2 - - - - - -
Tractor-vibrator - - - - - - -
Heaw machines 
Cultivators 3 1 1 1 1 1 1
Plough 1 1 1 1 1 1 1
Crusher 
Twin wheels
1
1 . .
Manual vibrator - - - - - - -
Vibrator 3 - - - - -
Other machines 
Spreader/atomizers 1 - -
Manual spreader 5 1 1 1 1 2 1
Drill
Saw
1
5 1 1 1 1 2 1
Rollers 2 1 1 2 1 2 1
Bars 2 - - - - -
Trailers 3 1 1 1 1 1 1
Implements 7 7 5 5 5 5 5
Irrigation plant (1) - - - - -
Nets/poles/bags 18 5 8 8 8 8 8
Buildings (m2) 2 1 1 1 1 1 1
Theoretical requirement 240 90 140 120 170 200 120
Old (more than 80years) 400 150 150 250 350 250 280
Recent (from 10 to 80 years) 150 - - - - - -
New (less than 10 years) 190 - - - - - -
Source: field data
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Heavy machines
Cultivators 4 4 1 1 3 1
Plough 4 4 1 1 1 1
Twin wheels 4 4 1 1 1 -
Vibrator 1 1 - - 3 -
Manual vibrator - - 1 1 -
Crusher - - - 1 -
Other machines
Spreader/atomizers 3 3 1 1 1 -
Manual spreader 8 8 1 1 5 1
Cranes 1 1 - - - -
Drill - - - - 1 -
Saw 3 3 1 1 5 1
Rollers 4 4 2 2 2 1
Bars 2 2 1 1 2 -
Trailers 4 4 1 1 3 1
Implements 12 12 5 5 7 7
Irrigation plant 1 1 - - (1) -
Nets/poles/bags 20 20 7 7 18 5
Buildings (m2) 4 3 2 2 2 1
Theoretical requirement 500 500 , 140 140 240 90
Old (more than 80 years) 1200 1650 50 50 400 150
Recent (from 10 to 80 years) 300 150 120 120 190 -
New (less than 10 years) 400 120 •
Source: field data
2. RESOURCE INPUT AND DEPLETION
2.1 Energy
The emissions associated with production of the inputs have to be taken into account, as 
well as those associated with the input. The production, delivery and use of energy 
carriers includes emissions all along the production and delivery chain (extraction, 
processing, transport, etc.), which are considered in the analysis. Selected emissions 
associated with agricultural production systems have been considered on the basis of both 
existing literature and expert opinion. Accordingly, the total energy and the most 
important emissions to produce and deliver the technological inputs -machinery, 
buildings, pesticides, fertilizers- are examined in Electronic Appendix, File Energy.
The following emissions related to energy are considered:
— combustion emissions, which take place on the field due to the use of diesel 
machinery (Electronic Appendix, File Combustion), calculated per hectare.
—  production and delivery emissions ,which include all those produced 
thoughout the chain (extraction, refining, transport, etc.). The production and 
delivery emissions have been calculated on the basis of the different 
distribution of energy carriers used for the process. Production and delivery 
emissions for the agrochemicals, machinery and buildings are calculated per 
hectare and functional unit, considering one year over the real life time of 
machines. In fact, machines and buildings
2.2 Fertilizers
The production of nitrogen (N), phosphate (P20 5) and potassium (K20 )  fertilizers is 
examined in terms of energy requirements, split in inherent and process energy (Tab.4.2). 
The emissions related to the production of N-fertilizers are indicated in Tab.4.3. 
Emissions are calculated on the basis of natural gas as energy carrier for N-fertilizers, for 
the triple superphosphate two thirds are attributed to fuel and one third to diesel, while for 
K-fertilizer 87% to fuel and 13% to diesel. Excluding energy production emissions, other 
emissions associated with K-fertilizer production are omitted.
2.3 Pesticides
The information regarding the energy requirements for the production of pesticides is 
available for about 40 active ingredients (Audsley et al.y 1997, p32-33). For the other 
agrochemicals expert evaluation susbstitutes the lack of data: in this case, the 
extrapolation of the energy requirements of a given agrochemical is based on the average 
values of its chemical family. If this approach is not possible, the maximum value of 
energy requirement of applied pesticides is considered (Tab.4.4.1). Generally speaking, 
production emissions are not significant compared with the emissions from use of 
pesticides, up to 1000 times higher (Audsley et a l, 1997, p34).
Production and delivery plus process energies are taken into account according to the 
distribution of the energy carriers considered (Tab.4.4.2), whose data come from 
producing companies. When these last are not available, the extrapolation of the energy
carrier distribution of the chemical family has been used (Electronic Appendix, File 
Pesticides).
2.4 Seed production
The olive groves analysed are between 30 and 150 years old, and are expected to be 
croppped for about 100 years. Accordingly, the seed preparation is not significant for the 
studied time horizon. In case of new industrial plantations, economic cost is about 
100000 Pts/ha, 60% for plants and 30% for energy. Accordingly, the energy 
requirements per hectare is about 28122 MJ, whose yearly burden is about 280 MJ.
2.5 Machinery production
Energy for machinery produciton is split in (i) raw material production; (ii) manufacture; 
(iii) repairs and maintenance; (iv) transport from the factory to the farm (Tab.4.5). The 
energy requirements for raw material production, manufacture, repairs and maintenance 
are indicated in Tab.4.6. Some basic assumptions have been done; (i) steel and rubber are 
considered as basic components of the machinery of categories A, in respective 
proportions of 95% and 5%; the other categories are assumed to be 100% composed of 
steel; the distribution of energy carriers is 24% electricity, 53% fuel oil, 6% diesel, 17% 
natural gas; (ii) rubber production requires 100% electricity consumption of 23444 MJ 
per tonne of tyre; no waste disposal is considered; (iii) manufacture energy requirement 
are 100% derived from electricity; (iv) repairs are expressed as percentage of the raw 
material production energy requirements.
For machineiy use, as well as for building use, burdens are calculated in working hours 
per hectare of use compared to the total number of hours of the life time (Tables 4.7.1-2). 
Combustion emissions are calculated in yearly hours of use of self-propelled and other 
combustion machines for each cropping operation by hectare (Tab.4.7.3), and summed 
up. The dead times for maintenance of manual implement and storing operations is 
considered, varying from 7% to 20% of the overall time of machinery use, depending on 
the efficiency of the production system
2.6 Agricultural buildings
Agricultural buildings are assumed to be about 4  meters high and to have a lifetime of 
about 80 years. The distribution of the energy carriers is 23% based on electricity, 2% 
coal, 66% fuel and 9% natural gas. In olive-growing farms the lifetime may reach 400 
years or more, thus maintenance is considered. Additionally, due to the broad range of 
ages of the buildings, the distribution of energy carriers may vary substantially. Only new 
buildings contribute producing significant environmental burdens (Tab.4.8).
2.7 Transport
All agricultural inputs (agrochemicals and off-farm green manure) and machinery are 
assumed to be transported 1000 km rail and 200 km road. Sludge treatment and organic 
fertilizer (pomace from olive processing) and transport are considered together for 
simplifying the calculation, and are assumed to be transported 10 km by road, as olive
mills are usually close to farms (Tab.4.9). Off-farm manure is assumed to be transported 
100 km by road (Electronic Appendix, File Transport).
2.8 Plastic materials
Usually little plastic material is used in olive growing. Nevertheless, bags and nets are 
common, even if their volume is usually limited. Low density polyethilene is assumed to 
be their basic constituent. The emissions associated to this input are listed in Electronic 
Appendix, File Polyethylene, calculated on the basis of the data listed in Tab.4.10 
(Audsley et al., 1997, p38, data taken from Boustead, 1993).
Tab.4.1 Total energy (production and delivery plus process energies) associated 
with energy carriers
Energy carrier Totalinherent energy (MJ/Kg)
Fuel oil 46.84
Naphta 45.99
Diesel 46.87
Coal 34.15
Hard coal 42.14
Lignite 10.17
Natural gas 50.30
Electricity (MJ/MJ) 2.65
Source: more details in Audsley et al, 1997, p29.
Tab.4.2
Energy use in chemical N-fertilizers production (MJ/Kg N, P, K)
N-fertilizer Inherent energy total process energy total energy
Urea 30.5 32.5 68.73
ammonium nitrate 27.5% N 30.5 15.1 49.75
ammonium nitrate 34.5% N 30.5 13.8 48.33
ammonium sulphate 30.5 14.5 49.10
P-fertilizer
triple superphosphate 20%P 32.01
K-fertilizer 5.48
Green manure 13.79
Source: data reworked from Audsley et al., 1997, p31.
Tab.4.3 Process emissions from production of fertilizers
N-fertilizers (Kg/Kg N) to air to water
CO2 1.57
N2O 0.016
NHs 0.013
NOs 0.00022
NOx 0.013
Triple superphosphate (g/KgP)
(excluding energy production emissions)
Fluorides 0.46 167
P2O5 0.45 103
NO2 5.43
SO2 11.45
Particulate 2.32
As 0.01
Cd 0.01
Cu 0.05
Cr 0.05
Hg 0.0095
Ni 0.04
Zn 0.06
Pb2 and Pbs 0.043
Gypsum 7500
Source: data reworked from Audsley et al., 1997, pp.31-32.
Tab 4.4.1 Energy requirements for the active ingredients of pesticides used in olive 
growing
Active ingredient Total energy 
(MJ/kg)
Production and delivery 
plus process energy  
(MJ/kg)
Dimethoate 210.0(c) 131.3(c)
Simazine 194.6(b) 78.4(b)
Metidathion 149.0(c) 83.9(c)
Carbaryl 153.0(a) 68(a)
Piretrine 580.0(c) 419.8(c)
Glyphosate 454.0(a) 328.0(a)
Cu sulphate not relevant not relevant
Source: (a) data reworked from Audsley et al., 1997, p34. (b) maximum value of the 
agrochemicals used; (c) average value of the chemical family.
Tab.4.4.2 Energy carrier profile of pesticides used in olive growing
Pesticide Dimethoate Simazine Methidahion Carbaryl Piretrine Glyphosate
Total energy 210 194.6 149 153 580 454
Production, 131.3 78.4 83.9 68 419.8 328
Delivery,
Process energy
Energy carriers
%
Electricity 17.3 15.6 17.3 17.3 18.1 17.3
Hard coal 3.1 0 3.1 3.1 0 3.1
Lignite 0 0 0 0 0 0
Coal 0 0 0 0 0 0
Fuel oil 28.9 24.9 28.9 28.9 47.7 28.9
Naphta 26.7 36.7 26 26 18.7 26
Diesel 0 0 0 0 0 0
Natural gas 24 22.8 24.7 24.7 15.5 24.7
Source: personal elaboration from Audsley et al. 1997, Appendix l,Tab.2.
Tab.4.5 Olive growing machinery classification
Type Description Machine
Al Small tractors Tractor (2 wheel drive), 50-60 HP
A2 Medium and Large 
tractors
Tractor (4 wheel drive) > 60HP
A3 Other vehicles Coimbined tractor-vibrator
B Heavy machines Plough, rotary cultivator, vibrator, crusher, 
crane
C Other machines Fertilizer/pesticide spreader, drilling machine, 
saw, manual vibrator, implements, nets, 
rollers, rakes, irrigation plant
Source: data adapted for olive cropping from Audsely et al., 1997, pp.36-38.
Tab.4.6 Energy requirements for repairs expressed as percentage of the raw  
material and production energy requirements
Type A l A2 A3 B C
Raw material
Steel2 (MJ/Kg) (95% in A1,A2 and A3, 100% in B and C) 33 33 33 33 33
Rubber3 (MJ/Kg) (5% in Al and A2) 23.4 23.4 23.4 - -
Manufacture4 (MJ/Kg) 14.6 14.6 12.9 8.6 7.4
Repairs5 (% of raw material and manufacture) 45 26 23 30 26
Source: data reworked from Audsley et al. 1997, pp.36-38.
2 Weidema and Mortensen, 1995. The energy carrier distribution is as follows: 24% electricity, 53% fuel 
oil, 6% diesel, 17% natural gas.
3 The composing materials are 16% natural rubber, 25% polybutadiene, 13% steel, 25% carbon black, 
21%other materials, only 63% of the weight has been accounted, using the PEMS database.
4 Data taken from Doering, 1980.
5 Data taken from Mughal, 1994. Energy requirements are from 62% electricity, 27% fuel, 3% diesel, 8% 
natural gas.
Tab.4.7.1 Details of agricultural machinery and buildings used in olive cropping
Machine type Category Weight
(Kg)
Real life  
time (years)
Calculated 
life time
(years)
Total units 
in life time
Units of 
analysis
Small Tractor 
(50-60 hp)
A2 3400 15-20 30 6000 hours
Medium Tractor 
(70-80 hp)
A2 4700 15-20 20 4200 hours
Large Tractor 
(90-110 hp)
A2 5500 15 2500 hours
Tractor-vibrator A3 9000 15 20 2000 hours
Crusher C 2000 15 20 2000 hours
Plough: 2-furrow B 600 20 8-40 240 ha
Crane C 5000 12 20 3000 hours
Irrigation plant C 6000 20 30 60000 hours
Power station C 2000 20 25 50000 hours
Drill: 3m C 550 15-20 25 525 ha
Cultivator B 700 12-20 10-30 480 ha
Twin wheels C 160 12-18 10-30 1440 hours
Manure/pesticide 
spreader/ atomizer 
(4.5-5.5t)
C 1400 10-15 10-20 3000 loads
Manual 
implements 
(hoe,nets, poles, 
rollers, bars, rakes, 
manual spreader)
C 10 7-15 20-30 2000 hours
Saw C 10 7-12 15 400 hours
Manual vibrator C 15 5-7 7-10 750 hours
Trailer C 2500 15-25 15 1500 hours
Vibrator C 800 20-25 20 2000 hours
Source: data taken from field and from machinery companies.
Tab.4.7.2 Yearly use of agricultural machinery per hectare
Machine use 
(kg/year/ha)
Cate
gory
Weight
(Kg)
Intensive-1 Intensive-2 Conventional Ecolog-1 Ecolog-2
Small Tractor Al 3400 1.7 1.2 - -
(50-60 hp)
Medium 
Tractor (70-80 
hp)
A2 4700 2 1.5 66.5 0.5 35.1
Large Tractor A2 5500 5 3.7 - 3 -
(90-110 hp)
Tractor-
vibrator
A3 9000 - - - - -
Crusher C 2000 - - - 0.6 -
Plough:
2furrow
B 600 0.9 0.7 10.1 0.3 4.1
Crane C 5000 0.6 0.4 - - -
Irrigation
plant
C 6000 2.0 L5 - 1.8 -
Power station C 2000 0.5 0.4 - 0.2 -
Drill: 3m C 550 0.4 0.3 - 0.2 -
Cultivator B 700 1.67 1.23 11.7 0.4 5.1
Twin wheels C 160 0.4 0.3 1.8 0.1 2.1
Manure/pestici 
de spreader/ 
atomizer
C 1400 2.5 1.8 28.0
'
(4.5-5.5t)
Rollers/Bars C 1000 1.1 0.8 10 0.4 -
Manual
implements
(hoe,
rollers,bars, 
rakes, manual 
spreader)
C 10 1.5 1.1 1.5 0.62 1.8
Polyethylene 
manual 
implements 
(nets, poles, 
bags
pheromone
traps)
C 10 0.07 0.05 0.3 0.02 0.4
Saw C 10 0.02 0.014 0.3 0.02 0.1
Manual
vibrator
C 15 - - 0.2 - -
Trailer C 2500 6.0 4.4 33.3 1.3 17.0
Vibrator C 800 0.3 0.2 - 0.6 -
Total A l 1.7 1.2 0 0 0
Total A2 7.0 5.2 66.5 3.5 35.1
Total A3 0 0 0 0 0
Total B 2.57 1.89 21.8 0.7 9.2
Total C 15.32 11.29 75.1 5.84 21.0
Total Poly
ethy
lene
0.07 0.05 0.3 0.02 0.4
T ota l (ye a r ly  
kg/ha)
26.59 19.59 163.4 10.04 65.3
Total without
polyethylene
(kg/ha/y)
26.52 19.54 163.1 10.02 64.9
Source: data taken from field and from machinery companies.
Tab.4.7.3 Use of agricultural machinery per hectare and cropping operation in the
three olive production systems (yearly hours/ha)
Cropping operation Intensive-1 Intensive-2 Convent. Ecological-1 Ecological-2
(kg/year/ha) -
Tillage 15.4 19.4 24.6 3.0 7.6
Fertilization 6.0 6.0 4.0
l(m)
12.0 15.0
10(m)
Pruning 31.0 27.0 29.0 17.0 32.0
13(m) 13(m) 15(m) 20(m)
Pesticide 4.0 4.0 12.0 4.0 (m) 5.0 (m)
application/IPM
l(m) l(m) 6(m)
Harvesting 120.0 90.0 96.0 57.0 128.0
o f which: vibrator 30 30 12.0 34.0 -
manual beating 90 (m) 60 (m) 84.0 (m) 23 (m) 128.0 (m)
Transport 2.0 3.0 2.0 2.0 1.0
Irrigation (eventual) 1.0 - - 1.5 -
Sowing/planting
(eventual)
14.0 14.0 - 16.5 -
Various 19.0 19.0 25.0 
12.5 (m)
8.0 37.5 
30 (m)
Sum 212.4 182.4 192.6 117.0 226.1
M anual o p era tio n s  
only
104.0 74.0 118.5 27.0 193.0
Total combustion 108.4 108.4 74.1 90.0 33.0
Total combustion 93.4 93.4 74.1 65.5 33.0
without eventual
operations
(h/ha/year)
Consumption
(kg/hours)
1.99 1.99 2.49 2.01 1.51
Total combustion 186.8 186.8 185.2 131.0 49.5
without eventual
operations
(kg/ha/year)
Source: data taken from field and from machinery companies; (m): manual operations
Tab.4.8 Energy requirements for agricultural buildings
Building state Energy requirements
Construction 11080MJ/m2
Maintenance 266 MJ/m2:year
Demolition 1160 MJ/m2
Source: Audsley et al, 1997, p38.
Tab.4.9 Calculation of transport requirements
Input (kg/ha/year) Intensive-1 Intensive-2 Convent Ecological-1 EcoIogical-2
Machinery 26.52 19.54 163.4 10.04 65.3
Sludge 1620000 0 0 0 0
(dry weight) (105300) 0
Organic fertilizer 0 0 0 4500 1000
Off-farm manure 0 0 650 2200 3300
(dry weight) (260) (670) (1100)
Fertilizers:
N-fertilizers 240 440 320 0 0
K-fertilizers 120 120 120 130 150
P-fertilizers 100 100 100 60 100
Pesticides 7.35 7.35 7.33 26 28.5
Source: data taken from field
2.9 Calculation o f the environmental burdens o f technological input production and 
delivery
The data are listed in Tab.4.7.2 and Tab.4.8. The theoretical space required for buildings 
is considered, whose life time is assumed to be about 80 years. The number of hours of 
use of machinery is split for each cropping operation in Tab.4.73 and summed in 
Tab.4.10. The calculation the energy requirements and overall emissions associated with 
the production, delivery and use of technological inputs comes from the product of their 
quantities -  listed in Tab.4.10- by the related figures for emissions per unit of input 
-provided in Electronic Appendix, File All Emissions-. In the same file the overall 
emissions per technological input are calculated.
Tab.4.10 Main technological inputs in olive production systems: annual figures
Farm Intensive-1 lntensive-2 Convent. 
Bare soil
Convent. 
Veg.cover
Ecolog-1 Ecolog-2
Outputs
Cropped area (ha) 140 190 5 5 292 10
Density 135 135 80 80 200 100
Productivity (kg/tree) 38.5 10.9 38 38 20 8
Yield (kg/ha/year) 5190 743 3040 3040 4000 800
Fertilizers (kglha)
N-fertilizer 200 185 160 160 110 160
Ammonium nitrate (27.5%) 50 50 50 50 - -
Ammonium nitrate (37.5%) - - - - - -
Urea (46%) 50 50 55 55 110 150
K-fertilizer 120 120 120 120 130 150
P-fertilizer (TSP) 20 20 20 20 12 20
Organic (% over total) 50 (sludge) 0 10 10 100 100
Pesticides (kplha)
Dimethoate 0.8 0.8 0.8 0.8 - -
Piretrine 0.01 0.01 0.01 0.01 - -
Methidathion (eventual) 0.02 0.02 0.02 0.02 - -
Carbaryl (eventual) 0.625 0.625 0.6 0.6 - -
Copper chlorine 2.4 2.4 2.4 2.4 2.4 3.2
Simazine 1.5 1.5 1.5 - - -
Glyphosate 2.0 2.0 2.0 - - -
Pheromone trapping (kg/ha) - - - - 22 25
IPM (Bacillus thuringiensis)
Machinery
(kg/ha/year)
4 3.5
Steel-rubber (A 1-2-3, B, C) 26.52 19.54 163.1 163.1 10.02 64.9
Polyethylene (C) 0.07 0.07 0.3 0.3 0.02 0.4
Combustion
(hours/ha/year)
107.4 107.4 96.1 96.1 91.0 55.6
Buildings
(m2/ha/year)
0.045 0.033 0.35 0.35 0.01 0.11
Source: field data and calculations from Tab.4.7.1-2-3 and Tab.4.8.
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3. POLLUTION
The burdens associated with the use in the Foreground System (FS) of an input coming 
from another system (eg. chemical fertilizers and manure) producing its own product, i.e. 
the Background System (BS), are those coming from its processing and transport for use 
in the FS, plus its use in the FS, plus any additional burden arising from replacing it in the 
BS, minus any burden no longer arising if it is not replaced in the BS.
This vision is defined as Avoided Burdens approach, and should be applied where the 
real use of the co-product has been identified, and its effect on the BS of its use in the FS 
can be reasonably predicted. This is because the choice of use of the co-product can have 
a significant impact on the final result of the analysis. Special care must be paid to the 
transparency of assumptions made in the methodology, and the method of conserving this 
information through the Impact Assessment and Interpretation.
3.1 Emissions coming from fertilizer use
Generally speaking, mineral balance should be assumed to guarantee the total input 
equals the total output. Accordingly, a steady state should be assumed, although this does 
not mean that all the parameters will remain steady, eg. the accumulation of heavy 
metals. Emissions are quantified using one or more mehtods which were based on 
formulae from literature or complex models. Basically nitrogen, phosphorous, potassium, 
heavy metals and pesticides emissions to air, water, soil and harvested yield are 
considered. A detailed description of inputs and related emissions is provided in 
Tab.5.1.1.
The olive production systems may use (i) chemical fertilizers and eventually liquid 
manure from wastewater sludge (Intensive system), (ii) chemical fertilizers and manure 
produced on farm (Conventional), (iii) organic fertilizer and manure produced on farm or 
imported (Ecological).
(i) Intensive system
If the liquid manure would be a waste product in the BS, the environmental burdens 
associated with its use in the FS are: 
processing and transportation for use in the FS 
plus use in the FS
minus the avoided burdens from waste management in the BS.
(ii) Conventional system
Alternatively, if the manure would be used in the BS, and if the production system may 
use non-organic manure, the environmental burdens associated with use of manure are:
- processing and transportation for use in the FS
- plus use in the FS
- minusthe avoided burdens associated with use of manure in the BS
-plus additional burdens associated with productionand use of equivalent 
quantities of nutrients in chemical fertilizers in the BS.
As the first two factors are assumed as approximately equivalent, the equation of the 
environmental burden balance of the use of manure in the FS is:
- processing and transportation for use in the FS
- plus additional burdens associated with productionand use of equivalent 
quantities of nutrients in chemical fertilizers in the BS.
The examined case of Conventional system utilizes a small part of manure which is 
produced off-farm (corresponding to 10 kg of usable nitrogen): accordinlgy, the burden 
associated with its processing and transport to farm must be taken into account, as well as 
those associated with the production of equivalent nutrients in chemical fertilizers in the 
manure-producing farm.
(iii) Ecological system
Ecological systems are sometimes cropped with spontaneous vegetation for N-fixation, 
which nitrogen input may reach about 100 kg/ha; this input is incorporated to soil, and in 
this case about 60 kg/ha of additional nitrogen fertilizer has to be provided to fulfil the 
160kg nitrogen requirement of one hectare. Usually this amount is supplied by the 
compost of weed, pruning and olive processing residues, as well as from natural guano. 
This is the case of Ecological-1 system, where only a limited quantity of green manure 
(about 20 kg/ha) and guano are required: weed and pomace residues are waste and by­
product of pruning and olive processing processing, and would have been burnt, but in 
this system are reincorporated in soil, avoiding the burden of their combustion.
Accordingly, the environmental burdens associated with the use of organic fertilizer are 
those arising from:
- processing and transportation for use in the FS (weed, pruning, olive processing 
residues processing and transport to field)
- plus use in the FS
- minusthe avoided burdens associated with burning in the BS and FS
Ecological-2A system is integrated with on-farm 20 head livestock grazing in the grove 
(sheep, goats basically, seldom cattle).6 This system produces olives using organic 
fertilizer from vegetal and olive processing, as well as from N-fixing spontaneous 
vegetation, which overall generates 22 kg of nitrogen in animal products and 34 kg of 
utilisable nitrogen in manure, about 35% of the required nitrogen for olive production. 
The lacking amount of nitrogen from on-farm manure (about 66 kg/ha) can be obtained 
from a 3-fold increase of livestock grazing an additional hectare of spontaneous good 
pasture land per hectare of olive crop, whose nitrogen input is about the double of the 
olive crop -split in 42 kg in animal products and 135 kg N in manure whose 66 kg of
6 The maximum carrying capacity for 1 ha of this integrated olive-livestock system is a standard flock of 
goats or sheep of about 20 heads, producing annually about 900 kg manure (dry weight) with nitrogen 
content of 4%. In fact, the weight of flock is about 1200 kg, which must be multiplied by the annual factor 
of manure production -  between 2.5 and 3 .8 - to obtain the annual manure production (data are supplied by 
the University of Turin, Italy, personal communication). On a good pasture land the carrying capacity may 
be the double than olive crop.
utilisable nitrogen are used by olive crop-; in this case no additional fertilizer is required, 
but an additional hectare has to be included (o.e. the farming system tends to become 
more extensive);
Ecological-2B: in addition to organic fertilizer input from weed, pruning residues and 
olive processing (providing about 15 kg nitrogen per hectare) no livestock breeding is 
inclusded. Accordingly, about 10000 kg/ha of organic manure produced outside the farm 
is required, supplying 85 kg of utilisable nitrogen (“green manure” whose burden are 
listed in Electronic Appendix).
Accordingly, the equation of the environmental burden of the use of manure in the FS is:
- processing and transportation for use in the FS
- plus additional burdens associated with productionand use of equivalent 
quantities of nitrogen in a N-fixing crop in the BS.
Less satisfactory has been evaluated the approach of allocation according to the economic 
value, which foresees a burden of manure chargable to olive production corresponding to 
its share of economic value of the overall products of the livestock farm producing meat, 
milk and manure, corrsponding to a share of about 0.07% (personal elaboration from 
Audsley et a/.1997, pp.22-24). As manure and organic fertilizer are a close to waste by­
product of goat breeding and of olive processing, neither alternative use nor waste 
management is foreseen. Accordingly, the associated burdens are considered zero.
3.1.1 N-fertilizers
Generally speaking, the estimate of the N balance requires to identify all the flows which 
are involved in the nitrogen-related processes. Losses by nitrogen leaching are 
determined by the amount of nitrate in the soil and the overall complex dynamic of 
organic matter mineralization, nitrification, biological fixation, leaching, atmospheric 
losses and denitrification. Temperature, organic matter, soil characteristics and rains play 
a fundamental role in these processes.
Nitrification is the process of transformation of ammonium to nitrites and nitrates in 
presence of oxygen, while denitrification is the reverse process to convert nitrates into 
nitrogen in which may be released to atmosphere; this last occurs in anaerobic 
conditions, when the bacteria take oxygen from nitrates as they cannot do it directly from 
the environment. Both processes may release nitrous oxide which is an intermediate step 
in the process, although the majority is not released. Ammonia may be also resealed to 
the atmosphere either from ammonium fertilizer or from the intermediate step in the 
breakdown of the organic matter.
Accordingly, it is very difficult to calculate the nitrogen balance exactly, as it differs 
strongly from one place to the other. So far there is not a general method for calculating 
emissions of nitrogen. Additionally, expert estimate that nitrogen dynamics varies
strongly from northern Europe to Andalusia (Kabourakis, 1996; Pastor et al., 1997; 
Guerrero, 1996).
Several approaches are therefore applied. The emissions of ammonia from fertilizers to 
air vary strongly according to the method of application and the nitrogen content, and it is 
usually the double for manure (Tab.5.1.2).Very little is known about the nitrogen 
leaching from denitrification, incineration of pruning residues, evaporation of ammonia 
and organic nitrogen. Recent estimations of denitrification in Andalusian soil conditions 
-from sandy to loamy-clay soils, with low content in organic matter (less than 2%) and 
low humidity- estimate between 2 and 10% of yearly nitrogen loss from fertilizers, which 
corresponds from 3 to 12 kg/ha. Accordingly, the nitrogen emitted to air is considered as 
considered balanced by the nitrogen input from rains (about 5-15 kg/ha). Accordingly, 
assuming the steady state of nitrogen balanced in the soil, these flows are not included in 
the study.
Nitrous oxides are released into the atmosphere through both nitrification and 
denitrification processes. Ammonia may also enter the atmosphere from ammonium 
fertilizer or from the intermediate step in the breakdown of the organic matter. As a 
consequence, losses of nitrous oxide are very variable and depend on the form of 
fertilizer application and climate. Estimates of the nitrous oxide losses from fertilizer 
application are estimated in Tab.5.1.3. Generally speaking ammonia release are variable, 
depending on both fertilizer and soil. Maximum releases occur in conditions of 
ammonium fertilizers and manure in alkaline soils, between 10% and 60% of the nitrogen 
content. Experts consider the ammonium released to air is not very high.
On the side of leaching to water, a simple model has been taken adapted to Mediterranean 
from northern European conditions, where it was conceived. Reference and expected 
leaching levels are estimated, taking into account the most recent data from expert 
interviews, whose details are given in Tab.5.1.4. Generally speaking, the leaching rate of 
animal manure are expected to be half of northern Europan conditions, due to the higher 
oxidation rate of organic matter. Additionally, experts show that the dynamics of nitrogen 
differ substantially from Ecological to Intensive and Conventional olive cropping 
systems, due to the different management of the herbaceous layer. In fact, this extracts 
and concentrates the nutrients in the upper soil layers, reducing the nitrate leaching 
(Pastor and Castro 1998, University of Cordoba, personal communication; Castro, 1993, 
pp. 189-191). As a consequence, the organic matter, cation exchange capacity and 
nitrogen content are significantly higher in the Ecological system, while the dynamics of 
potassium and phosphorus do not show significant differences.
Clearly, nitrogen leaching is reduced in olive crops provided with vegetal covers, which 
increase the quantity of efficiency of nitrogen use in olives. This is very important, as 
organic matter is quickly mineralized in arid climates, and the availability of nitrogen is 
limited by leaching after torrential rains, which re-distribute the nitrates into deeper soil 
layers and contaminate the table waters. Accordingly, although the increase in nitrogen 
fertilization is 50% higher in the Ecological pattern -as a consequence of the additional 
nitrogen required by the vegetal cover- only a small proportion of nitrogen is leached, as
it is retained in the upper soil layers (Castro, 1993, pp.73-74 and 187-188). Additionally, 
mown vegetal cover gives back up to 50% of the overall nitrogen input, 25% of 
phosphorous and more than 75% of potassium, which increases the overall efficiency 
fertilization (Castro, 1993, p220).7
Overall estimates of nitrogen emissions (e.g. nitrous oxides, ammonium, nitrogen) are 
given in Tab.5.1.4.-5.
Tab.5.1.1 Agro-chemical inputs and associated emissions considered
Inputs Emissions
N, P and K from chemical fertilizer N, P and K in harvested yield
N, P and K from manure N 03, P04 and K leaching
N from deposition (of which 60% N2toair
technical usable)
Heavy metal in fertilizer N2O toair
Pesticides NH3 to air
N-, P- and K-balance (remaining in soil)
Heavy metals in the soil
Pesticides residue and over spray
Source: Audsley et a l ., 1997, p40.
7 Barley and main weed give back, when mown, up to 77 kg/ha of nitrogen, 13 kg/ha of phosphorous, 108 
kg/ha of potassium.
Tab.5.1.2 Emission factors for nitrogen fertilizers
Category Emission (% of loss of N content)
Ammonium sulphate 8
Urea 15
Ammonium nitrate 2
Calcium ammonium nitrate 2
Ammonia, direct application 1
Nitrogen solutions 2.5
Other straight nitrogen 2.5
Ammonium phosphate 4
Other NP-N 3
NK-N 2
NPK-N 4
Compound N 4
Manure (incorporated in soil) (a) <10
Manure (not incorporated in soil) (a) 10-60
Source: data reworked froml Audsley et al., 1997, p42; (a) from Ramos Mompo and Ocio 
Armentia, 1992, plO and pl6 .
Tab.5.1.3 Nitrous oxide losses (% of N applied from granular fertilizer on wet soil)
Fertilizer type Winter Spring
0-10 °C 10-20 °C
Nitrate 1.7 1.1
Ammonium 0.4 0.5
Urea 0.8 3.0
Half nitrate, half ammonium 1.05 0.8
Source: data reworked from Audsley et al., 1997, p44.
Tab.5.1.4
Nitrogen leaching from chemical and organic fertilizer compared to reference 
leaching
L=L* exp 0.7(R-1) for chemical fertilizer 
L=0.5L* (4.6 exp(R-l) -1.8) for animal manure 
L= expected leaching
L*=leaching in optimal fertilization conditions (from 0.6 to 1.2 Kg N per olive tree)
R= ratio of current fertilization to the recommended level
Tab.5.1.4 {continuing) Nitrogen leaching from mineral fertilizer in olives (loamy 
soils)
Parameters Unit Intens-1 lntens-2 Conven.
Bare
soil
Conven.
Veget.
cover
Ecol.l Ecol.2
Reference leaching (L*) kg N/ha 109 20 1910 1411 1312 10
Recommended
fertilization13
kg
N/tree
0.6 1.2 1.2 1.2 1.2 1.2
Ratio of current 
fertilization with the 
recommended level(R)
ratio 1.2 1.0 1.5 1.5 0 0
Expected leaching (L) kg N/ha 11.5 20 27 19 0 0
Source: data reworked from field and formula in Tab.5.14
9 Data reworked from Ramos Mompo and Ocio Armentia, 1992 pp.22-23.
10 Data reworked from Castro, personal communication, 1998: Conventional olive crops managed with 
spontaneous vegetation gives similar performances of ecological olive crops with respect to nitrogen 
leaching; on the other hand, if the soil is maintained bare the performance is similar to the intensive model.
11 Data reworked from Castro, 1993 and from Castro, personal communication.
12 Data reworked from: Castro, 1993, and from Castro, personal communication, 1998: the leaching 
decrease in ecological groves is estimated about 33% lower than in intensive olive crops.
13 Data reworked from Civantos Lopez-Vlllalta, 1998.
Tab.5.1.4 0continuing) Nitrogen leaching from animal manure in olive growing 
patterns
Parameters Unit Intens-1 lntens-2 Conven Conven Ecol.l Ecol.2
Bare
soil
Veget
cover
Reference leaching (L*) kg N/ha 1014 2 215 I A 16 1317 13
Recommended
fertilization18
kg N/tree 0.6 0.12 0.12 0.12 1.2 1.2
Ratio of current fertilization 
with the recommended 
level(R)
ratio 1.2 0 0 0 0.3 1.25
Expected leaching (L) kg N/ha 19.09 0 2 1.4 13 19
Source: data reworked from field and formula in Tab.5.14
Tab.5.1.4 (continuing) Nitrogen leaching from animal manure in olive growing 
patterns
Parameters Unit Intens-1 Intens-2 Convent. 
Bare soil
Convent
Veget
cover
Ecol.l Ecol.2
Overall expected leaching kg N/ha 30.09 20 29 20.4 13 19
Source: data reworked from data and formula in Tab.5.14
14 Data reworked from Ramos Mompo and Ocio Armentia, 1992, pp.22-23.
15 Data reworked from Castro, 1997, personal communication: conventional olive crops managed with 
spontaneous vegetation gives similar performances of ecological olive crops with respect to nitrogen 
leaching; on the other hand, if the soil is maintained bare the performance is similar to the intensive model.
16 Data reworked from Castro, 1998, personal communication: Conventional olive crops managed with 
spontaneous vegetation gives similar performances of ecological olive crops with respect to nitrogen 
leaching; on the other hand, if the soil is maintained bare the performance is similar to the intensive model.
17 Data reworked from: Castro, 1993, pp.218-220 and from Castro, 1998, personal communication: the 
leaching decrease in ecological groves is estimated about 33% lower than in intensive olive crops.
18 Data reworked from: Civantos Lopez-Villalta, 1997, pp.162-163.
Tab 5.1.5 Field emissions of nitrogen: synthetic table
Environmental burden Calculation of N-emission
NH3-N from chemical fertilizer Tab.5.1.2
NH3-N to air from animal manure Tab.5.1.2
N2-Ntoair balanced, not considered
NH3toair not considered
N2-N from air balanced, not considered
N20-N to air Tab.5.1.3
NOx-N to air 10% of N20-N
N03-N to water Tab.5.1.4
N balance in soil balanced
Source: data reworked from Tab.5.1.1-2-3-4.
3.1.2 P- and K-fertilizers
The use of phosphate and potassium fertilizers is lower than in other crops, as little 
increase in production is apparent. In fact the tree, heavily mycorrhized, is able to extract 
from the soil the phosphate it requires. If applied in excess, phosphates are released to 
soil, ground and surface water. Generally speaking, phosphates and potassium are added 
to olive crops only when the leaf analysis shows deficiencies, usually 25 Kg/ha (0.22 
kg/tree) of phosphorous and 120 Kg/ha (1 kg/tree) of potassium. Phosphate leaching to 
soil is significant only if eroded from 1 to 8 Kg/ha. The share released to water is lower, 
about 0.1 kg/ha. Vegetal covers cut dramatically both soil erosion and phosphate leaching 
(Barranco, Femandez-Escobar, Rallo, 1997). Micronutrients are supplied (Mn, B, Cl, Fe, 
Na, Ca, Mg, Zn, Cu) only in case of deficiency. Accordingly, their losses to soil, air and 
water are considered negligeable.
3.2 Heavx metals
Heavy metals are applied with fertilizers to soil and contribute, —together with air 
deposition, which could be even more important— to the accumulation of heavy metals 
in soil. On the other side, accumulated heavy metal leave the field mainly through 
leaching, erosion and in agricultural products.
Estimates of heavy metal content in fertilizers are given in Tab.5.1.6. Atmospheric 
deposition is not considered due to the lack of data. No heavy metal come from pruning 
and olive processing residues. Potassium fertilizers do not to contribute to heavy metal 
input in the system.
Generally speaking, each crop takes heavy metals from the soil. The quantities of heavy 
metals exported by erosion and plant uptake are proportional to the soil concentration.
Accordingly, heavy metals accumulation is assumed to be a long term affect of their 
application in soil, and emissions to subsequent crops are therefore taken into account. 
The amount of heavy metals applied in fertilizer is low compared to maximum permitted 
rates. As a consequence, the amount removed by cropped products would tend to equal 
the amount applied in the very long term. Nevertheless, this equation has little use in the 
case of olive groves, as no residues of heavy metals from mineral fertilizers have been 
detected in Andalusian olives (Alba Mendoza, personal communication, 1997): only 
copper is slightly higher in the leaf tissues of intensive crops as a consequence of 
fungicide application (Barranco, D, Femandez-Escobar, D., Rallo, 1997, pp.245-249). 
Accordingly, heavy metal in olives are not considered.
As a consequence of the long residence time in soil of most heavy metals -from 1270 to 
1870 years- and of their low concentration in soil, their transfer to water has not been 
considered. Nevertheless, it has to be considered when the soil is eroded (Audsely et aL, 
1997, p52). Yearly soil loss is up to 100 tons/ha in Intensive-1 and Conventional (bare 
soil) systems, corresponding to a 1 cm of soil layer eroded yearly; as heavy metals are 
expected to accumulate homogeneously in the first meter of soil, heavy metal eroded per 
year and hectare are calculated accordingly. Erosion is double in Intensive-2 systems, 
while in Ecological and Conventional (vegetal cover) is extremely lower (about 0.02%). 
Estimates of soil erosion and heavy metal loss is provided in Tab.5.1.7-8-9-10, whose 
calculation is provided in the Electronic Appendix, File Heavy Metals.
Accordingly, (i) heavy metals coming from liquid manure are allocated to olive 
production, because they would be eliminated if sludge is treated to water recycling; (ii) 
heavy metals emissions associated with use of manure are allocated to olive production, 
as the alternative fate of manure cannot be easily detected, while those coming from 
manure production are allocated to manure-producing farm, where they are a close-to- 
waste co-product.
Tab.5.1.6 Heavy metal content in fertilizers used in olive groves (mg per kg of 
fertilizer).
Heavy metal TSP Muriate of 
potash (50% K)
Ammonium
nitrate
(27.5-33.5% N)
Ammonium
sulphate
(21% N)
Urea Liquid
manure
(a)
Farm
manure
(b)
As 1.3 0.43 0.43 0.41 0.4
Cd 52 0.06 0.05 0.05 0.05 032 0.29
Co 2 2 5 2 2
Cr 261 2 4 2 2
Cu 45 5 7 4 6 293 38.5
Fe 17 7 136 18 5
Hg 0.022 0.01 0.023 0.01 0.01
Mo 3.2 0.25 0.25 0.25 0.25
Ni 44 2.1 13 1.8 2
Pb 3.5 5.5 1.9 11 1.1 7 8
Se 2.8 0.25 0.25 0.25 0.25
Sn - 1 - 3
Zn 299 46 50 30 44 127 170
(a) 65 kg total solids per m3 of liquid manure; (b) 300 kg total solids per 1 ton of sheep/chicken 
farmyard manure (Ramos Mompo and Ocio Armenta, 1992, pp. 14-17).
Source: data reworked from BUWAL, 1991 and from Menzi et al.,1993 (figures in italics).
As an indication, mass balance equation for representing the increase in concentration of 
heavy metals between two given years in the soil is given below:
a(c-c°) = Ma / (ay + b + rVi)
where:
a = ratio o f  concentration o f  heavy metals in olives to concentration o f heavy metals in soil 
y =  yield, kg olives/ha /year 
b =  quantity o f  soil eroded, kg/ha
I =  proportion o f  concentration o f heavy metals in soil immobilised per year 
rV = amount o f  soil affected by heavy metals, density by volume, kg soil/ha 
M  = heavy metals in fertilizer applied, m g metal /ha/year 
c =  concentration o f heavy metals in the soil m g metal/ha/year
Tab.5.1.7 Fertilizer use in three olive production systems (kg/ha/year)
Intensive-1 Intensive-2 Conventional Ecological-1 Ecological-2
N-fertilizers 1620250
(diluted)
440 1210 7150 14000
K-fertilizers 120 120 120 130 150
P-fertilizers (TSP) 100 100 100 60 100
N input 200 185 160 110 160
K input (K 83%) 100 100 100 108 124
P input (P 43.7%) 44 44 44 26 44
N-urea (N46%) 45 135 150 0 0
N-ammonium nitrate (N 
37.5%)
50 50 0 0 0
N-organic 
(2% dry weight)
0 0 0 90 40
N-manure 
(3-4% dry weight; 
70% humidity)
0 0 10 20 120
N in sludge 
(0.06% in weight)
105 0 0 0 0
Organic fertilizer (a) 0 0 0 4500 1000
Manure (b) 0 0 650 2200 10000
Manure (dry weight) 0 0 260 670 3000
Urea 100 290 300 0 0
Amm.Nitrate 150 150 0 0 0
Sludge 1620000 0 0 0 0
solids in sludge 105300 0 0 0 0
(6.5% in weight)
5% in solids
Source: field data; (a) wastewaters, pruning compost, vegetal cover crush; (b) sheep/goat 
and chicken manure, humidity is about 70% (Ramos Mompo and Ocio Armenta, 1992, 
pp. 14-17).
Tab.5.1.8 Heavy metal input due to fertilizer application (mg/ha/year).
Heavy
metal
Intensive-1 Intensive-2 Convent. Ecological-1 Ecological-2
As 286.1 366.1 301.6 142.5 198.8
Cd 38915.7 5229.7 5297.6 3323.3 5673.6
Co 1390 1790 1040 420 520
Cr 27140 27540 26940 15960 26420
Cu 3092040 7950 16910 29245 66900
Fe 23440 24440 4040 2070 2820
Hg 7.85 9.85 6.4 2.82 3.8
Mo 412.5 462.5 425 229.5 360
Ni 6802 7202 5252 2955 4736
Pb 738505 1625 3420 6395 14030
Se 372.5 422.5 385 205.5 320
Sn 420 1020 1020 150 160
Zn 13420420 56120 92820 138740 309260
Source: data reworked from Tab.5.6.1 and 5.5.
Tab. 5.1.9 Annual soil loss caused by erosion (tons/ha/year)
Intensive-1 Intensive-2 Convent, 
bare soil
Convent.
vegetal
cover
Ecological-1 Ecological-2
Soil loss 
(tos/ha/year)
100 200 100 5 1 1.5
Source: Pastor and Castro, 1998, personal communication
Tab.5.1.10 Heavy metal yearly loss for erosion in olive groves (mg/ha/year)
Heavy metal Intensive-1 Intensive-2 Convent. Convent, 
bare soil vegetal cover
Ecological-1 Ecological-2
As 2.861 7.322 3.016 0.1508 0.01425 0.02982
Cd 389.157 104.594 52.976 2.6488 0.33233 0.85104
Co 13.9 35.8 10.4 0.52 0.042 0.078
Cr 271.4 550.8 269.4 13.47 1.596 3.963
Cu 30920.4 159 169.1 8.455 2.9245 10.035
Fe 234.4 488.8 40.4 2.02 0.207 0.423
Hg 0.0785 0.197 0.064 0.0032 0.000282 0.00057
Mo 4.125 9.25 4.25 0.2125 0.02295 0.054
Ni 68.02 144.04 52.52 2.626 0.2955 0.7104
Pb 7385.05 32.5 34.2 1.71 0.6395 2.1045
Se 3.725 8.45 3.85 0.1925 0.02055 0.048
Sn 4.2 20.4 10.2 0.51 0.015 0.024
Zn 134204.2 1122.4 928.2 46.41 13.874 46.389
Source: data reworked from Tab.5.1.7-8-9 and text.
3.3 Pesticides
Unlikely fertilizer and heavy metals, pesticide are degradable molecules and degradation 
rates have to be accounted. A description of the balance for each active substance is 
sketched out in ab.5.1.11 for pesticide application by boom sprayer (Audsley et al., 1997, 
p53). A synthetic verision of the emission flow of pesticides is given below.
Emission flow of pesticides: main dynamics
Air after 10
Soil (90%)
Olive Water
Crop (io%)
Field (80%)
Pesticide
LC50 concentrationno effect concentrationAacceptable 
daily intake
Overall assessment
Photodegradation or formation of bound residues are linked to high uncertainties, and 
only the order of magnitude of the existing transfers can be estimated. The applied 
quantity of active substance has been normalized per hectare in the three scenarios. 
Detailed data are given in Tab.5.1.12.
Air emissions are considered only for applications in the form of water based sprayed 
from a boom sprayer. After a first moment when 100% of the active ingredient goes into 
the air, it has been assumed that about 10% of it remains in the air on a long term basis, 
before being re-deposited on the soil surface in the direct neighbourhood. The fraction of 
pesticide which enter the soil is assumed to be 85% of the total pesticide application, 
assuming that 5% remains on the leaves in addition to the part remaining in the air. 
Emissions to water are assumed to be between 0.5 and 2% by some authors (Weber et al., 
1980), although in Mediterranean environment it seems reasonable to reduce this share to 
non significant levels. Even according to recent models for fate prediction of pesticides 
no pesticide residues in temperate countries water table are predicted. Also fate 
modelling is included, as well as the degradation properties of the active ingredients (Jury 
et al., 1987).
Due to the lack of quantitative informations, expert opinion has been considered: so far, 
no significant residues in olive oil have been detected in Andalusia (Alba Mendoza, 
1997). On the other hand, many studies indicate the difficulty of correlating the quantities 
of pesticide applied with those assumed by humans (Audsley et al., 1997, p56).
Tab.5.1.12. Main pesticide inputs in three olive production systems
Farm Intensive-1 Intensive-2 Convention 
(bare soil)
Convention 
(veg.cover)
Ecological-
1
Ecological-
2
Outputs
Cropped area (ha) 140 190 5 5 292 10
Density 135 68 80 80 200 100
Productivity (kg/tree) 38.5 10.9 38 38 20 8
Yield (kg/ha/year) 5190 743 3040 3040 4000 800
Pesticides (kg/ha)
Dimethoate 0.8 0.8 0.8 0.8 - -
Piretrine 0.01 0.01 0.01 0.01 - -
Methidathion (eventual) 0.02 0.02 0.02 0.02 - -
Carbaryl (eventual) 0.625 0.625 0.6 0.6 - -
Copper chlorine 2.4 2.4 2.4 2.4 2.4 3.2
Simazine 1.5 1.5 1.5 - - -
Glyphosate 2.0 2.0 2.0 - - -
Pheromone trapping (kg/ha) - - - - 22 25
IPM (Bacillus thuringiensis)
' '
4 3.5
Source: data taken from field.
3.4 Organic matter in soil
The agricultural practice may either increase or decrease the level of organic matter in 
the soil: for instance, burning the residues of vegetal cover mown may reduce 
significantly the levels of organic matter contents in soil. On the other hand, its 
incorporation in soil (as well as manure incorporation) leads to an increase of organic 
matter content in soil. The annual average increase in the carbon content of soil due to 
straw or vegetal cover incorporation is estimated to be about 0.2 ton/ha/year during 50 
years. This corresponds to a 2.2% increase of organic carbon in soil per ton of organic 
carbon due to residues incorporated in soil (approximative 40% share of carbon in dry 
weight of vegetal residues) as a consequence of the shift from residues burning to residue 
incorporation, calculated over 50 years (Audsley et al., 1997, p58).
Generally speaking, carbon is stored in the olives, in the trees, in the soil. Accordingly, a 
steady state for the carbon balance in soil is assumed, while a shift in agricultural 
practices leads to a net storage or release of carbon in soil, which takes place over a 
transitory period of about 20-50 years. This is particularly variable: in Mediterranean 
climate, the fast oxidation of organic matter or the action of ryzosphere reduce the 
accumulation of organic matter in soil. About 20% higher content of organic matter in 
soil has been detected in Ecological compared with Intensive and Conventional (bare 
soil) olive groves (Castro, 1993, pl81). Yearly, about 22 kgC/ha of organic carbon is 
accumulated as a consequence of the incorporation into soil of vegetal residues in 
Ecological-2B systems. As a consequence of livestock breeding, in Ecological-2A system 
the carbon balance associated to vegetal cover residues is considered zero. In fact, an 
annual fallow will reduce up to 0.45 ton/ha/year the carbon sink, while green manure is 
estimated to increase up to 0.09 ton/ha/year. Organic fertilizers and manure contribute 
1.1% and 0.09% respectively to carbon storage, which contributes to remove carbon 
dioxide from the atmosphere. Additionally, in intensive and Conventional systems the 
release of carbon oxide due to the practise of burning of pruning residues (about 50 kg/ha 
in dry weight) in intensive and Conventional systems has been estimated to be about kg 
1.587 kg CCte/ha. Detailed data on the overall carbon dioxide balance are listed in 
Tab.5.1.13. All the carbon in olives is assumed to be emitted into atmosphere as carbon 
dioxide and therefore is ignored.
Tab.5.1.13 Carbon dioxide storage and releases18
C02 storage (+) 
and loss (-)
(kg/ha/year)
Intensive-1 Intensive-2 Convent 
bare soil
Convent
Vegetcover
Ecological-1 Ecological-2
Vegetal cover 
incorporation
• • +22 +22 +22
Organic fertilizer 
and manure
- +1.3 +5.5 +5.5 +20
Burning of 
pruning residues
-1.587 -1.587 -1.587 - - -
Total -1.587 -1.587 -0.287 +27.5 +27.5 +42
Source: Source: data reworked from Audsley et al., 1997, p58 and text.
3.5 Methane
Soil acts as a sink for methane in the atmosphere, and ammonium reduces this sink. An 
estimate of the reduction of the sink strength is about 1 kg CH4 per 150 kg N applied as 
fertilizer. Methane from manure is considered, whose emissions are about 10 kg per 
animal, while manure storage and processing 4.4 kg per ton of livestock.19
Methane emissions are allocated to olive production when animal husbandry takes place 
on-farm (Ecological-2A system). Detailed data are provided in Tab.5.1.14.
18 The calculation of organic carbon input for conventional system is: 0.09% (carbon content) of 650 kg/ha 
applied manure, which means 1.3 kg/ha of yearly storage; in the first ecological system (Ecological 1, i.e. 
Nunez del Prado) 4500 kg of organic fertilizer (1.1% of carbon content) plus 2200 kg o f manure per hectare 
correspond to organic carbon input of kg/ha, which means 5.5 kg/ha of organic carbon storage; in the 
second ecological system (Ecological 2, Cooperative) 1000 kg of organic fertilizer and 10000 kg of manure 
correspond to organic carbon storage of 20 kg/ha. The amount of carbon oxide removed from atmosphere is 
calculated multiplying the carbon stored in soil by the molar weight ratio of carbon dioxide and organic 
carbon (44/12= 3.67). The carbon dioxide emissions associated to wood burning practices in intensive 
systems have been assimilated as 25% of lignite equivalent.
19 The estimations have been taken for goats and sheep the 10% of those expressed for cattle in Audsley et 
a l ,  1997, p59.
Tab.5.1.14 Methane emission from animal husbandry.
CH4
(kg/ha/year)
Intensive-1 Intensive-2 Convent. 
Bare soil
Convent
Veg.cover
Ecological-
1
Ecological-
220
Goat/sheep production - - 60 60 100 600
Manure storage and processing - - 1.32 1.32 2.2 13.2
Decrease of methane sink due to 
ammonium fertilizer
1 1 1 1 1 1
Total (allocation to olive 
production system)
0 0 62.32 62.32 103.2 614.2
Total (allocation to livestock 
production system)
1 1 1 1 1 1
Source: data reworked from Audsley et al., 1997, p59 and text.
3.6 Soil erosion
Erosion numbers amongst the major problems facing agriculture in the Mediterranean 
region which is one of the hardest hit by water erosion in the world. About 41% of 
Andalusia has already suffered severe damage from erosion (loss of A horizon and 25% 
of B horizon), and a further 18% is affected by erosion damage on 75% of the A horizon 
(Aguilar et al., 1995).
Up to 80 tons/ha/year is the erosion estimation for tree cropped land, 37tons/ha year for 
dry-farmed hearbaceous crops and 20 tons/ha/year for scrub and shrub crops. Many of the 
extensively farmed olive crops grow under unfavourable conditions, where erosion 
induces constant deterioration. The result is that farming results less productive, and need 
more chemical inputs to compensate the fertility loss. Several passive factors contribute 
to the deterioration of olive cropped lands, eg.geomorphologic and climatologic factors, 
but intrinsic elements contribute significantly to the soil erosion and fertility loss 
dynamics, i.e. unadequate cropping practices.
To grow vegetal covers on the soil is the most recognized technique to curb these 
processes (Moreira, 1990); although intensive tillage has been a traditional feature of 
Andalusian olive farming since some decades, it may be possibly not be the most 
sustainable cultivation method for olive crops. The main reason is that it prevents full 
advantage being taken of the soil because the olive roots cannot explore fully the 
upprmost soil layer. In dry farming practices, water supplied from the rainfalls should be 
maximally exploited by olive crops, as well as water infiltration should be promoted and 
water evaporation should be minimized, as its share represents up to 50% of the water 
which infiltrates. Soil conservation specialists claim that growing a vegetal cover on the 
soil is the best way to reduce erosion and to promote macro and micronutrient dynamics
20 A flock of 60 animals/ha is considered.
which are more similar to the natural processes. Field trial have been carried out in the 
three cultivation patterns of tillage, non-tillange and vegetal covers in different farms 
along several years. Detailed data of rainfall simulation have been given to quantify the 
erosion rates (Tab 5.1.15). Cultivation methods affect in a prominent way erosion.
Olive production is sligthly higher even at short term over a period of 5 years in presence 
of a correctly managed vegetal cover. It intercepts the rainfall reducing the devastating 
effects on soil structure of its kinetic energy, and have a series of positive effects on soil 
properties and humidity dynamics, as follows: (i) reducing evaporation, increases soil 
humidity and water infiltration, (ii) reduces runoff speed, (iii) prevent the soil particles 
from breaking up, (iv) reduces laminar erosion beacause of the dramatic runoff cut 
Detailed data of the behavior of olive crops provided with vegetal covers to soil moisture, 
evaporation and water runoff are given in Tab.5.1.16-17-18-19-20-21.
It is important to highlight productivity is from 20% to 30% higher in soils cropped with 
spontaneous or cropped vegetal cover in the long term (Aguilar et al., 1993, pp.49-50). 
These results are in concordance with the yield increase of about 16% measured by 
Pastor in about 95 farms scattered in four Andalusian provinces (Seville, Cordoba, 
Granada, Jaen). Detailed data are given in Tables 5.1.22-23.
Vegetal covers may be spontaneous or cropped, although Ecological olive orchards are 
mainly cropped with weeds, mechanically mown or grazed by sheep. Among cropped 
vegetal covers, vetch {Vida sativa, L.) offers more advantages in fixing nitrogen in the 
soil, allowing fertilizer input to be cut (up to 100 kg/ha). The weed cover is encouraged 
under the conditions of a sound knowledge of weed biology and physiology. In fact, self- 
seeding seems a very promising technique; it consists in leaving areas unmown to supply 
the necessary seed bank to establish the cover next autumn. Mechanical mowing is 
demonstrated to be the less impacting technique: Lolium rigidum, Poa annua, Hordeum 
murinum, Bromus spp., Vicia spp., Medicago spp. are allowed by both mechanical and 
low impacting chemical mowing (Pastor and Castro, 1995).
Tab.5.1.15 Erosion assessed after a simulated 15 minute storm of rain falling at 
80mm/hour in loamy/clay soils.
Cropping system Erosion rates (g/m2) % of erosion saving 
compared to tillage system
Tillage 1300.68 0
Non-tillage 486.2 63
Vegetal cover 15.4 99
Source: data reworked from Pastor, 1997 personal communication.
Tab.5.1.17 Production over 5 years in different cultivation systems (kg/tree)
Farm
name
Tillage Non­
tillage
Vegetal
cover
Casillas 24.1 25 25.9
Mina 14.3 15.02 15.5
M olina 14.7 14.9 14.9
Source: data reworked from Pastor, M. unpublished data 
Tab 5.1.18
Moisture content under different cultivation systems following more than 100 mm 
rain (cm3 water/cm3 soil)
Depth (cm) Tillage Non-tillage Vegetal cover
-10 0.154 0.185 0.209
-20 0.18 0.196 0.214
-40 0.202 0.215 0.238
-50 0.224 0.226 0.243
Source: data reworked from Pastor, M. and Castro, J., personal communication.
Tab.5.1.19 Soil evaporation (mm) from the first 15 cm of soil layer following 138 
mm rain in June
Days since  
rain
0 3 7 9 11 14 18 28 % evaporation 
cut compared 
with tillage
Tillage 0 11 18 19 20 23 25 33 0
Non-tillage 0 10 17 17 20 21 23 29 10
Vegetal cover 0 7 13 15 16 17 18 26 24
Source: data reworked from Pastor, M. and Castro, J., personal communication.
Tab.5.1.20 Soil moisture content evolution at the depth of 0-60 cm in a farm 
receiving 540 mm rain each year
Date 3/3 17/3 14/4 5/5 26/5 23/6 21/7 %moisture
saving
compared with 
tillage
Tillage 0.21 0.18 0.19 0.13 0.12 0.20 0.10 0
Non-tillage 0.21 0.18 0.20 0.13 0.13 0.20 0.10 1
Vegetal cover 0.23 0.18 0.23 0.17 0.16 0.25 0.13 23
Source: data reworked from Pastor, M. and Castro, J., personal communication.
Tab 5.1.21 Water runoff under three cultivation systems (lt/m2) after 0, 8 and 16 
minutes
Cultivation system 0 min 8 min 16 min
Tillage 0 13 26
Non-tillage 0 10 25
Vegetal cover 0 1 2.6
Source: data reworked from Pastor, M. and Castro, J., personal communication.
Tab. 5.1.22 Productivity increase (%) under non-tillage and vegetal cover 
conditions.
% 0 0-10 10-20 20-30 30-40 40-50
Farms 2 10 16 28 11 7
Source: personal elaboration from Jose Aguilar et al., 1994, p50.
Tab. 5.1.23 Annual soil loss caused by erosion in olive systems
Intensive-1 Intensive-2 Convent, 
bare soil
Convent.
vegetal
cover
Ecological-1 Ecological-2
Soil loss 
(tons/ha/year)
100 200 100 5 1 1.5
Source: estimations given by Pastor and Castro, personal communication, 1997.
4. RESOURCES ASSOCIATED TO OLIVE CROPS
NATURALNESS OF BIOTIC RESOURCES
Flora Inventory of olive production systems
Several parameters are considered to assess the biological value of flora species. In fact, 
their presence varies along the cropping year according to agricultural practices. The 
uniqueness of species and their presence during the cropping year are therefore 
aggregated into an indicator, i.e. Presence of Floristic Species. Additionally, biomass has 
been taken into account. Detailed results are listed in Tab.5.8.1.
The following parameters have been considered:
(i) Total relative frequency (TRF), the ratio of the number of Andalusian fields of a 
random sample where the species are present to the total random sample of fields. This 
gives an estimation of the representativeness of each weed species.
(ii) Period of presence (PP), indicating the vegetative period characterizing the flora 
species calculated over the whole cropping year.
(iii) Biomass, denotes the overall herbaceous layer in one cropping year.
/
(iv) Presence of Floristic Species (PFS) is given by the formula:
PFS = TRF*PP
Text Box
Weed control by using low-impacting pesticides
Weed control is required to obtain profitable yields, which is achieved by 4-6 tillage 
operations throughout the year in Conventional andlintensive olive farming. On the other 
hand, techniques for weed control using pre-emergence herbicides such as simazine have 
been applied to increase yields and reduce soil erosion (Pastor, 1997, personal 
communication). In olive groves under tillage, annual species usually dominate; 
nevertheless, annual species which are not destroyed by simazine application are 
eliminated by direct application of post-emergence herbicides, e.g. glyphosate.
Experiments shows the effectiveness of simazine application on weeds:
(i) Although there is evidence that simazine is degradated in the soil rapidly, residues 
are detected until 2.5-4 months from application; additionally, a relatively high 
concentration remains in the upper soil layer up to 5 cm for about two months, 
causing a non-negligeable impact on micro- and macro-arthropod fauna, while the 
most important impact is associated with the destruction of the natural habitat 
represented by the herbaceous layer. No residues in the deeper layers of soil (from 
10 to 30 cm) have been detected, suggesting that no accumulation takes place and 
that a complete degradadation due to microbial activity takes place in the more 
superficial layers of the soil.
(ii) The main problem coming from this technique is the decreasing effectiveness of 
annual weed elimination after several years of application, probably due to 
selection of tolerant plant (Munoz-Cobo, personal communication). In fact, after 
several years of application the degradation of simazine is more rapid, and the 
weed elimination becomes incomplete, as a consequence of the increase of the 
microbial activity, leading to higher rates of simazine degradation (Saavedra et 
al., 1992).
Tab.5.1.24 Flora Inventory of olive groves and values of PFS
Tot.freq.% Intensive-1 Convent. Convent. Ecolog.-l Intensive-2 Ecolog.-2A Ecolog.-
_____________ __________ (bare soil) (veg.cover)
pp (%) 5 10 60 70 10 100
Residual cover after treatment 
(%)
15 13.5 13.5 6 12.24 100
Average biomass in tons/ha 
(period February-July)
PERENNIAL
0.1 0.875 2.613 3.1 0.1 4
Allium paniculatum 43 4.3 4.3 25.8 30.1 4.3 43
Allium ampeloprasum 29 2.9 2.9 17.4 20.3 2.9 29
Allium roseum 20 illllllSis i i i i i i 12 14 2 20
Arisarum simorrhinum 27 2.7 2.7 16.2 18.9 2.7 27
Aristoloquia paucinervis 12 1.2 1.2 7.2 8.4 1.2 12
Arum italicum 12 1.2 1.2 7.2 8.4 1.2 12
Asparagus spp. 71 7.1 7.1 42.6 49.7 7.1 71
Convolvulus althaeoides 59 5.9 5.9 35.4 41.3 5.9 59
Convolvulus arvensis 59 5.9 5.9 35.4 41.3 5.9 59
Cynodon dactylon 55 5.5 5.5 33 38.5 5.5 55
Cyperus rotundus 6 0.6 0.6 3.6 4.2 0.6 6
Elymus repens 8 0.8 0.8 4.8 5,6 0.8 8
Eryngium campestre 16 1.6 1.6 9.6 11.2 1.6 16
Euphorbia serrata 41 4.1 4.1 24.6 28.7 4.1 41
Foeniculum vulgaris 33 3.3 3.3 19.8 23.1 3.3 33
Gladiolus italicus 29 2.9 2.9 17.4 20.3 2.9 29
Hypericum perforatum 31 3.1 3.1 18.6 21.7 3.1 31
Mandragora autumnalis 14 1.4 1.4 8.4 9.8 1.4 14
Muscari comosum 63 6.3 6.3 37.8 44.1 6.3 63
Muscari neglectum 63 6.3 6.3 37.8 44.1 6.3 63
Omithogalum narbonense 57 5.7 5.7 34.2 39.9 5.7 57
Oxalis pes-caprae 4 0.4 0.4 2.4 2.8 0.4 4
Pistacia lentiscu 14 1.4 1.4 8.4 9.8 1.4 14
Rubia peregrina 12 1.2 1.2 7.2 8.4 1.2 12
Rubus spp. 8 0.8 0.8 4.8 5.6 0.8 8
Sanguisorba minor 16 1.6 1.6 9.6 11.2 1.6 16
Sedum album 6 0.6 0.6 3.6 4.2 0.6 6
Sedum sediforme 2 0.2 0.2 1.2 1.4 0.2 2
Silene vulgaris 33 3.3 3.3 19.8 23.1 3.3 33
Sorghum halepense 12 1.2 1.2 7.2 8.4 1.2 12
Tamus communis 18 1.8 1.8 10.8 12.6 1.8 18
Thapsia villosa 
ANNUAL
10 IllllllS!II1BIIISIiiiiliiii1118 1 10
Amarmtaceae. 31 3.1 3.1 18.6 21.7 3.1 31
Amaranthus albus L. 4 0.4 0.4 2.4 2.8 0.4 4
Amaranthus blitoides 
S.Watson
31 3.1 3.1 18.6 21.7 3.1 31
Carvophvllaceae 57 5.7 5.7 34.2 39.9 5.7 57
Cerastium glomeratum  Thuill. 18 1.8 1.8 10.8, 12.6 1.8 18
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Sagina apetala  Ard. 14 1.4 1.4 8.4 9.8 1.4 14 14
Silene rubella L. 24 2.4 2.4 14.4 16.8 2.4 24 24
Spergularia rubra (L.) J&C 
Presl.
4 0.4 0.4 2.4 2.8 0.4 4 4
Stellaria media (L.) Vil. 20 IISlllllIIIIUll 12 14 2 20 20
Vaccaria hispanica (Miller) 27 2.7 2.7 16.2 18.9 2.7 27 27
Rauscher
Compositae 84 8.4 8.4 50.4 58.8 8.4 84 84
Anaclytus clavatus (Desf.) 
Pers.
20 lilllllllilllllSIl 12 14 2 20 20
A ster squamatus (Sprengel) 
Hieron
16 1.6 1.6 9.6 11.2 1.6 16 16
Calendula arvensis L. 22 2.2 2.2 13.2 15.4 2.2 22 22
Chrysantenum segetum  L. 14 1.4 1.4 8.4 9.8 1.4 14 14
Conyza bonariensis (L.) 
Cronq.
35 3.5 3.5 21 24.5 3.5 35 35
Conyza canadiensis 
(L.)Cronq.
8 0.8 0.8 4.8 5.6 0.8 8 8
Crepis spp. 27 2.7 2.7 16.2 18.9 2.7 27 27
Filago spp. 35 3.5 3.5 21 24.5 3.5 35 35
Lactuca seriola L. 33 3.3 3.3 19.8 23.1 3.3 33 33
Piceis echioides L. 29 2.9 2.9 17.4 20.3 2.9 29 29
Pulicaria paludosa  Link 31 3.1 3.1 18.6 21.7 3.1 31 31
Sonchus asper (L.) Hill 10 IllllllS!■■■illllliSiilillSi 1 10 10
Sonchus oleraceus L. 33 3.3 3.3 19.8 23.1 3.3 33 33
Cruc{ferae 90 9 9 54 63 9 90 90
Capsella bursa-pastoris (L.) 12 1.2 1.2 7.2 8.4 1.2 12 12
Medicus
Diplotaxis virgata (Cav.)DC. 67 6.7 6.7 40.2 46,9 6.7 67 67
Rapistrum rugosum (L.) all. 31 3.1 3.1 18.6 21.7 3.1 31 31
Sinapis alba L. 41 4.1 4.1 24.6 28.7 4.1 41 41
1IHIHiiiiiiiIillllll 0 0 0 0
Geraniaceae 63 6.3 6.3 37.8 44.1 6.3 63 63
Erodium cicutarium  (L)L'Her. 31 3.1 3.1 18.6 21.7 3.1 31 31
Erodium malacoides 37 3.7 3.7 22.2 25.9 3.7 37 37
(L.)L'Her.
Erodium moschatum 12 1.2 1.2 7.2 8.4 1.2 12 12
(L.)L'Her.
Geranium molle L. 10 mumiilllllliliilllilIjlfjjll 1 10 10
Geranium purpureum  Vill. 6 0.6 0.6 3.6 4.2 0.6 6 6
Gramineae 88 8.8 8.8 52.8 61.6 8.8 88 88
Avena sterilis L. 18 1.8 1.8 10.8 12.6 1.8 18 18
Brachypodium distachyon (L.) 
Beauv.
10 {IlllUllillliilliiiiiiiHill 1 10 10
Briza maxima L. 4 0.4 0.4 2.4 2.8 0.4 4 4
Bromus diandrus Roth 14 1.4 1.4 8.4 9.8 1.4 14 14
Bromus madritensis L. 27 2.7 2.7 16.2 18.9 2.7 27 27
Desmazeria rigida (L.)Tutin 14 1.4 1.4 8.4 9.8 1.4 14 14
Lolium rigidum  Gaudin 82 8.2 8.2 49.2 57.4 8.2 82 82
Phalaris brachystachys Link 14 1.4 1.4 8.4 9.8 1.4 14 14
Leguminosae. 94 9.4 9.4 56.4 65.8 9.4 94 94
Coronilla scorpioides (L.) 
Koch
24 2.4 2.4 14.4 16.8 2.4 24 24
Medicago doliata Carming. 39 3.9 3.9 23.4 27.3 3.9 39 39
Medicago orbicularis (L.) 
Bartal.
29 2.9 2.9 17.4 20.3 2.9 29 29
Medicago polymorpha L. 57 5.7 5.7 34.2 39.9 5.7 57 57
Melilotus indica (L.) All. 12 1.2 1.2 7.2 8.4 1.2 12 12
Ononis pubescens L. 6 0.6 0.6 3.6 4.2 0.6 6 6
Ononis viscosa L. 12 1.2 1.2 7.2 8.4 1.2 12 12
Scorpiurus muricatus L. 47 4.7 4.7 28.2 32.9 4.7 47 47
Vicia lutea L. 31 lliliMi 3.1 18.6 21.7 3.1 31 31
Vicia sativa L. 22 2.2 2.2 13.2 15.4 2.2 22 22
Malvaceae 51 5.1 5.1 30.6 35.7 5.1 51 51
Althaea hirsuta L. 14 1.4 1.4 8.4 9.8 1.4 14 14
Lavatera cretica L. 20 ■m ISI1J1IISlBlii 14 2 20 20
Malva nicaeensis All. 14 1.4 1.4 8.4 9.8 1.4 14 14
Malva parviflora L. 31 3.1 3.1 18.6 21.7 3.1 31 31
Papaveraceae 67 6.7 6.7 40.2 46.9 6.7 67 67
Fumaria officinalis L. 14 1.4 1.4 8.4 9i8 1.4 14 14
Fumaria parviflora Lam. 37 3.7 3.7 22.2 25.9 3.7 37 37
Papaver dubium L. 12 1.2 1.2 7.2 8.4 1.2 12 12
Papaver hybridum L. 39 3.9 3.9 23.4 27.3 3.9 39 39
Papaverrhoeas L. 53 5.3 5.3 31.8 37.1 5.3 53 53
Platycapnos spicata 14 1.4 1.4 8.4 9.8 1.4 14 14
(L.)Bemh.
Rubiaceae 94 9.4 9.4 56.4 65.8 9.4 94 94
Asperula arvensis L. 16 1.6 1.6 9.6 11.2 1.6 16 16
Crucianella angustifolia L. 16 1.6 1.6 9.6 11.2 L6 16 16
Galium divaricatum  Pourret 4 0.4 0.4 2.4 2.8 0.4 4 4
ex Lam.
Galium murale (L.) All. 20 l l l l i l l IIIjllB 12 14 2 20 20
Galium parisiense L. 33, 3.3 3.3 19.8 23.1 3.3 33 33
Galium spurium L. 35 3.5 3.5 21 24.5 3.5 35 35
Galium tricornutum Dandy 71 7.1 7.1 42.6 49.7 7.1 71 71
Galium verrucosum Hudson 10 iS bIB 1 S 1 « SB1BB1K1Bi i i i 1 10 10
Sherardia arvensis L. 53 5.3 5.3 31.8 37.1 5.3 53 53
Scrophulariaceae 65 6.5 6.5 39 45.5 6.5 65 65
Kickxia lanigera (Desf.)Hand- 
Mazz.
14 1.4 1.4 8.4 9.8 1.4 14 14
Linaria amethystea (Lam.) 
Hoffmanans & Link
10 ■Iilllllli n liillSIliiu i 1 10 10
Linaria hirta (L.) Moench 10 lilllli!i i i i i i im 7 1 10 10
Linaria latifolia Desf. 14, 1.4 1.4 8.4 9.8 1.4 14 14
Linaria micrantha (Cav.) 
Hoffmannans & Link
20 2 i l lii i! 12 14 2 20 20
Misopates orontium (L.) Rafin 18 1.8 1.8 10.8 12.6 1.8 18 18
Veronica hederifolia L. 10 IillllllIillllll 6 7 1 10 10
Umhrellifereae 73 7.3 7.3 43.8 . 51.1 7.3 73 73
Ammi majus L. 4 0.4 0.4 2.4 2.8 0.4 4 4
Bupleurum lancifolium 
Homem.
10 f i l l i j l S ! l l l l l l l 6 . 7 1 10 10
Conium maculatum L. 10 S i l l l l l ! i i j i j l l W B S M I S l l l l g 1 10 10
Daucus spp. 39 3.9 3.9 23.4 27.3 3.9 39 39
Scandix pecten-veneris L. 18 1.8 1.8 10.8 12.6 1.8 18 18
Torilis arvensis (Hudson) 
Link
41 4.1 4.1 24.6 28.7 4.1 41 41
Torilis leptophylla (L.) 
Reichenb.
10 I i l l l l l l i B i i i i i I i l l l l l l H U ! 1 10 10
Torilis nodosa  (L.) Gaertner 29 2.9 2.9 17.4 20.3 2.9 29 29
Other families
Anagallis arvensis L. 41 4.1 4.1 24.6 28.7 4.1 41 41
Campanula erinus L. 16 1.6 1.6 9.6 11.2 1.6 16 16
Convolvulus tricolor L. 8 0.8 0.8 4.8 5.6 0.8 8 8
Crassula tillaea Lester- 
Garland
10 l l l l l l l l l B g i i l l l j j j j l j | | | j | | 1 10 10
Delphinium gracile DC. 10 l l l l l l l l l I 1 1 I S 1 H ■ s n H l i i 1 10 10
Euphorbia exigua L. 27 2.7 2.7 16.2 18.9 2.7 27 27
Juncus bufonius L. 10 l l j S j l l l l B J I I I l l l j j ■ I I U S I i i i i 1 10 10
Lamium amplexicaule L. 65 6.5 6.5 39 45.5 6.5 65 65
Lythrum acutangulum Lag. 10 I j l l l l l J I I I m i n i m u s i s 1 1 1 1 1 10 10
Lythrum hissopifolia L. 10 m s B s f i i i i i i i i i i i i i i i I B j j j j 1 10 10
Plantago afra L. 10 i i i i i s i j i i i i i i i i i a a u l l l l l l l 1 10 10
Ranunculus arvensis L. 22 2.2 2.2 13.2 15.4 2.2 22 22
Ranunculus parviflorus L. 22 2.2 2.2 13.2 15.4 2.2 22 22
Reseda lutea L. 39 3.9 3.9 23.4 27.3 3.9 39 39
Reseda phyteuma L. 22 2.2 2.2 13.2 15.4 2.2 22 22
Rumex bucephalophorus L. 27 2.7 2.7 16.2 18.9 2.7 27 27
Rumex pulcher L. 18 1.8 1.8 10.8 12.6 1.8 18 18
Solanum nigrum L. x 0.8 0.8 4.8 5.6 0.8 8 8
Theligonum cynocrambe L. 8 0.8 0.8 4.8 5.6 0.8 8 8
Tribulus terrestris L. 2 0.2 0.2 1.2 1.4 0.2 2 2
Urtica urens L. 10 S l S l l i i S l i l l l l l l l S I1 1 IH IS 1 7 1 10 10
Source: data reworked from: (i) Saavedraef al. 1992, pp.15-17, (ii) Saavedra, M. and Pastor, M, 1996, 
pp.6-7; (iii) Castro 1993, pp.67-68; (iv) text.
Fauna inventory of olive production systems 
Tab.5.1.25 Olive growth stages and olive production systems analysed
Olive production system Olive growth stage
Intensive-1 Stage 2° (100%)
, Conventional (bare soil) Stage 3° (20%), Stage 4° (80%)
Conventional (vegetal Stage 3 (15%)°,Stage 4° (85%) .
cover)
Ecological-1 Stage 1°(30%), Stage 2° (70%)
Intensive-2 Stage 3° (10%), Stage 4° (90%)
Ecological-2A Stage 4° mountain (100%)
Ecological-2B Stage 4° mountain (100%)
Source: field data (high productive crops are shaded)
Olive tree age (years) Growth stage
0-8 1°
8-20 2°
20-100 3°
>100 4°
Source: data reworked from Munoz-Cobo, 1987, p23.
Tab.5.1.26.1 Most relevant parameters in mathematical ecology
Density (D), the overall number of individuals of a given species identified in a random 
sample of olive grove of a given type;
Richness (S), the number of species detected in all samples in one of the four mentioned 
growth stages;
Average richness (Sm), the average value of the species detected in the different samples.
Diversity (H), measuring the degree of diversification and equilibrium characterizing the 
different species and their relative abundance (Index of Shannon-Weaver);
s
H = Z  P i log2Pi
i=i
where S is the number of species and p. is the relative abundance of each species.
Equitability (J), measuring the degree of diversity measures in function of the number of 
species
J = with H „  = lg2 S,
where S is the number of species (Pielou, 1966)
Barycenter (g), (Daget, 1977), which measures the central position of a given species 
along the growth stage gradient;
4
g = (1 *D X + 2*D 2 +3*D 3 +  4*D 4) /  I D .
i=i
w ith  D. gives the values o f  the Density Index o f  a given species for the i (from 1 to 4) growth 
stage;
Habitat width (AH) (Pielou, 1969), which gives the preference one species shows in 
occupying one single stage or up to all four growth stages;
AH = 2 H , where H is the diversity Index calculated by the Shannon-Weaver Index.
Tab.5.1.26.2 Breeding bird species density (n°individuals/ha) associated to olive 
growth stages
Parameters Monocult. Polycult. IK A 4° g AH
mount*
Species
acronym
Olive growth stage 1° 2° 3° 4 4° 
° mountain
O.h. Oenanthe hispanica 1 0 0 0 0.99 1.52 1 1
S.c. Sylvia conspicillata 1.16 0.13 0 0 6.96 2.39 1.1 1.38
S.m. Sylvia melanocephala 5.97 2.17
A.n. Athene noctua 0.1
E.c. Emberiza calandra 1.99 0.33 0 0 15.92 8.05 1.14 1.5
A.r. Alectoris rufa 1.06 0.2 0 0 0.99 1.08 1.15 1.54
Ca.c. Calandrella cinerea 0.81 0.67 0 0 1.45 1.98
H.p. Hippolais polyglotta 1.12 2.02 0.2 0 0.99 0.21 1.72 2.31
G.c. Galerida cristata 1.84 2 0.69 0 1.74 2.75
G.t. Galerida theklae 0.49 0.97
A.c. Acanthis cannabina 0.73 0.8 0.83 0 2.04 2.98
B.o. Bhurinus oedicnemus 0.18 0.06 0 0.13 2.21 2.75
C.g. Cercotrichas galactotes 0.25 0.85 0 0.96 1.08 2.81 2.63
P.d. Passer domesticus 0.18 0.06 0.48 0.27 2.84 3.24
S.t. Streptopelia turtur 0.62 0.33 3 1.52 0.43 2.99 2.98
C.c. Carduelis carduelis 0.18 0.93 0.55 1.76 1.52 3.13 3.13
U.p. Upupaepops 0.32 0 0 1.08 0.87 3.31 1.7
L.s. Lanius senator 0.15 0.61 0.45 1.99 7.46 2.17 3.33 2.78
S.s. Serinus serinus 0.15 3.8 11.7 14.3 2.48 2.72 3.34 2.73
C.ch. Carduelis chloris 0.36 3.09 5.99 12.3 7.46 4.24 3.39 2.77
F.c. Fringilla coelebs 0 0.2 0.97 1.35 0.43 3.45 2.46
S.h. Sylvia hortensis 0 0.31 0.45 1.34 2.48 1.85 3.49 2.44
P.m. Parus major 0 0.33 0.83 4.74 6.57 3.59 3.74 1.84
P.c. Parus caeruleus 0.99 0.43
C.b. Certhia brachydactyla 0 0 0.13 3.32 0.99 2.06 3.96 1.17
L.a. Lullula arborea 0 0 0 0.27 1.19 4 1
C.c. Cuculus canorus 0 0 0 0.2 0.99 4 1
A.c. Aegitalus caudatus 1.49 0.33
E. Emberiza spp. 0.49 0.54
S.u. Sturnus unicolor 1.2
C.p. Cyano pica 1.02
P.d. Passer domesticus 3.3
D st 12.1 16.71 2 6 2 6 45.56 63.61
S 17 18 13 15 17
H 3.97 3.39 2.5 2.88 3.39
Sm 2.01 1.87 2.12 3.78 3.74
Biomass gr/lOha 928.64 505.43 829.48 1134.5 1584
Coeff.var. Sm 74.62 73.26 55.66 31.48 68.26
J 0.97 0.81 0.67 0.74
Source: data reworked from: (a) Munoz-Cobo, 1992, pp. 118-122; (b) M unoz-Cobo, 1990a, 
pp.23-25. * IKA = Kilometric abundance index (n° individuals/km)
Tab.5.1.26.3 Breeding bird species density (n° individuals/ha) in olive groves
Intensive-1 Convent, 
(bare soil)
Convent.
(veg.cover)
Ecolog-1 Intensive-2 Ecolog-2A Ecolog-2B
O.h. Oenanthe hispanica 0 0.78 0 0.99 0.99
S.c. Sylvia conspicillata 0.13 iliillii 0.0507 L1414 0 6.96 6.96
S.m. Sylvia melanocephala lllllllilS iliiiiiiiiiiIllllil 0 5.97 5.97
A.n. Athene noctua H H I 0 0.1 0.1
E.c. Emberiza calandra 0.33 111111# 0.1287 2.1528 0 15.92 15.92
A.r. Alectoris rufa 0.2 Illiililll 0.078 1.1908 0 0.99 0.99
Ca.c. Calandrella cinerea 0.67 Hum 0.2613 1.8512 0 0 0
H.p. Hippolais polyglotta 2.02 0.04 1.2298 4.55 0.02 0.99 0.99
G.c. Galerida cristata illllll 0.138 2.3049 5.0752 0.069 0 0
G.t. Galerida theklae IHIlliiiiliillii 0 0 0.49 0.49
A.c. Acanthis cannabina 0.8 0.166 2.1463 2.0254 0.083 0 0
B.o. Bhurinus oedicnemus 0.06 0.104 0.0234 0.2496 0.117 0 0
C.g. Cercotrichas galactotes 0.85 0.768 0.3315 1.742 0.864 1.08 1.08
P.d. Passer domesticus 0.06 0.312 1.0842 0.2496 0.291 0 0
S.t. Streptopelia turtur 0.33 1.816 6.7587 1.0842 1.668 0.43 0.43
C.c. Carduelis carduelis 0.93 1.518 1.5782 1.833 1.639 1.52 1.52
U.p. Upupa epops ^■IHi 0.864 0.2496 0.972 0.87 0.87
L.s. Lanius senator 0.61 1.682 1.2324 1.2272 1.836 7.46 7.46
S.s. Serinus serinus 3.8 13.78 27.339 7.033 14.04 2.48 2.48
C.ch. Carduelis chloris 3.09 11.038 14.443 5.9046 11.669 7.46 7.46
F.c. Fringilla coelebs 0.2 1.274 2.2217 0.364 1.312 0.43 0.43
S.h. Sylvia hortensis 0.31 1.162 1.1154 0.5642 1.251 2.48 2.48
P.m. Parus major 0.33 3.958 1.963 0.6006 4.349 6.57 6.57
P.c. Parus caeruleus iia iii!!J|jj|jg||| 0 0 0 0.99 0.99
C.b. Certhia brachydactyla iiiiiiiiii 2.682 0.2873 lIlillliilB 3.001 0.99 0.99
L.a. Lullula arborea 0 0.216 IliilliiIillllll 0.243 1.19 1.19
C.c. Cuculus canorus illllll 0.16 l l l l l l 0 0.18 0.99 0.99
A.c. Aegitalus caudatus 1111IIBHill®IllllllS 0 0 1.49 1.49
E. Emberiza spp. IillllllHUE 0 0 0.49 0.49
S.u. Stumus unicolor ISHISilllllEi BBjMl 0 1.2 1.2
C.p. Cyano pica 1111*SHIMI11I1H1liliiii 0 1.02 1.02
P.d. Passer domesticus BSSIllliii im HIIIHSlll l l l 0 3.3 3.31B1!^
D (average density) 16.71 41.7 64.5515 39.8502 43.63 74.85 74.85
Biomass (gr/lOha) 505.43 1073.496 2030.2685 1644.2218 1103.998 2354.176 2354.176
Source: data reworked from Tab.5.1.25 and 5.1.26.2.
Note: the values in italics represent the figures for IKA (n° individuals/km) assumed as substituting the data for density 
(n° individuals/10 ha), when these lasts are lacking
Tab.5.1.27 Distribution and main ecological parameters of overall wintering bird 
community
Species
acronym
AH g density
E.c Emberiza calandra 1.11 1.2 0.502857143
A.r. Alectoris rufa 3.94 2.38 0.735714286
G.c. Galerida cristata 3.03 1.76 0.107142857
A.c. Acanthis cannabina 2.73 1.6 0.85
B.o. Bhurinus oedicnemus 1.72 1.25 0.107142857
C.c Carduelis carduelis 2.77 1.72 0.228571429
U.p. Upupa epops 1.95 3.4 0.014285714
S.s. Serinus serinus 3.75 2.62 1.648571429
C.ch. Carduelis chloris 3.7 2.6 1.841428571
F.c. Fringilla coelebs 3.43 2.7 6.501428571
P.m. Parus major 1.59 3.8 0.565714286
C.b. Certhia brachydactyla 1.21 3.96 0.26
L.a. Lullula arborea 1 3.05 0.028571429
Ph.c. Phylloscus collybita 3.73 2.52 1.528571429
P.c. Parus caeruleus 1.3 3.9 0.071428571
R.i. Regulus ignicapillus 2.42 3.5 0.34
T.i. Turdus iliacus 2.75 3.31 0.524285714
S.a. Sylvia atricapilla 2.98 3.2 11.85142857
T.v. Turdus viscivorus 1 3.05 0.018571429
E.r. Erithacus rubecula 1 3.05 0.017142857
A.p. Anthus pratensis 2.69 2 0.067
T.p. Turdus philomelos 3.5 2.85 12.75285714
S.m. Sylvia melanocephala 3.07 2.58 0.298571429
M.a. Motacilla alba 3.31 2.4 0.504285714
S.u. Sylvia undata 1.59 1.31 0.115714286
A.a. Alauda arvensis 1 1.05 0.688571429
S.u. Stumus unicolor 1.34 1.31 0.38
P.d. Passer domesticus 2.58 3.38 0.304285714
S o u r c e :  d a ta  r e w o r k e d  fr o m : M u n o z -C o b o ,  1 9 8 7 ,  p p . 9 9 - 1 2 1 .
Tab.5.1.28 Density of wintering bird community
Olive growth 
stage
1° 2° 3° 4° 4° mountain
Granivorous 12.92 18.67 9.74 13.8
Soil
insectivorous
2.55 2.70 1.4 1.28
Trunk/branch
insectivorous
0.63 1.43 0.61 4.85
Frugivorous 4.18 (20.6%) 29.05 (56%) 30.57
(72.1%)
38.67 (66%)
Biomass 1142 2310 1975 2228 2500*
(gr/10 ha) (estimated)
Main ecological parameters for overall wintering bird community
O live growth 
stage
1° 2 3° 4° 4°
mountain
D 20 52 40 60 80* 
(estimated)
S 26 29.9 25.6 30.1
H 4 3 3 3
Sm 3.2 3.4 3.4 3.6
Sm variation 
coefficient
86.45 48.94 48.84 40.29
S o u r c e :  d a ta  r e w o r k e d  fro m : M u n o z -C o b o ,  1 9 8 7 , p p . 1 1 4 - 1 1 6 .
Formula 3. Calculation of wintering bird species density to olive crops
Dj= S D jAV*(Di / D st) * S i 
i=i
D .= gives the density o f the species j in the olive grove under analysis (which w ill be listed in 
Tab.5.1.29)
D  Ay=  gives the average density o f the species j in all five olive grove stages (i.e. olive growth 
stage 1°, 2°, 3°, 4°, 4°-mountain) (from Tab.5.1.27)
S. gives the share o f i-growth stage in the olive grove under analysis (i.e. olive growth stage 1°, 
2°, 3°, 4°, 4°-mountain) (from Tab.5.1.25)
D. gives the average density o f  all bird species in i-growth stage (from Tab.5.1.28).
D st gives the average density o f the all species in all growth stages (from Tab.5.1.28).
Tab.5.1.29 Wintering bird species density (individuals/ha) in studied olive crops
Acr. Species Intensive-1 Convent, 
(bare soil)
Convent.
(veg.cover)
Ecolog.-l Intensive-2 Ecolog.-2A Ecolog.-2B
E.c. Emberiza 0.60810631 0.77237117 0.66657807 0.49584053 0.67827243 0.93554817 0.93554817
A.r.
calandra 
Alectoris rufa 0.889701 1.13003168 0.97524917 0.7254485 0.9923588 1.36877076 1.36877076
G.c. Galerida cristata 0.12956811 0.16456772 0.14202658 0.10564784 0.14451827 0.19933555 0.19933555
A.c. Acanthis 1.02790698 1.30557058 1.12674419 0.83813953 1.14651163 1.58139535 1.58139535
B.o.
cannabina
Bhurinus 0.12956811 0.16456772 0.14202658 0.10564784 0.14451827 0.19933555 0.19933555
C.c.
oedicnemus
Carduelis 0.27641196 0.3510778 0.30299003 0.22538206 0.30830565 0.42524917 0.42524917
U.p.
carduelis 
Upupa epops 0.01727575 0.02194236 0.01893688 0.01408638 0.0192691 0.02657807 0.02657807
S.s. Serinus serinus 1.99362126 2.53214865 2.18531561 1.62556811 2.22365449 3.06710963 3.06710963
C.ch Carduelis chloris 2.22684385 2.82837055 2.44096346 1.81573422 2.48378738 3.42591362 3.42591362
F.c. Fringilla coelebs 7.86219269 9.98596925 8.61817276 6.41071096 8.76936877 12.0956811 12.0956811
P.m. Parus major 0.6841196 0.86891756 0.74990033 . 0.5578206 0.76305648 1.05249169 1.05249169
C.b. Certhia 0.3144186 0.399351 0.34465116 0.25637209 0.35069767 0.48372093 0.48372093
L.a.
brachydactyla 
Lullula arborea 0.0345515 0.04388473 0.03787375 0.02817276 0.03853821 0.05315615 0.05315615
Ph.c. Phylloscus 1.84850498 2.34783281 2.02624585 1.50724252 2.06179402 2.84385382 2.84385382
P.c.
collybita 
Parus caeruleus 0.08637874 0.10971181 0.09468439 0.07043189 0.09634551 0.13289037 0.13289037
R.i. Regulus 0.41116279 0.52222823 0.45069767 0.33525581 0.45860465 0.63255814 0.63255814
T.i.
ignicapillus 
Turdus iliacus 0.63401993 0.80528471 0.69498339 0.5169701 0.70717608 0.97541528 0.97541528
S.a. Sylvia atricapilla 14.3319601 18.2033841 15.7100332 11.6860598 15.9856478 22.0491694 22.0491694
T.v. Turdus viscivorus 0.02245847 0.02852507 0.02461794 0.01831229 0.02504983 0.0345515 0.0345515
E.r. Erithacus 0.0207309 0.02633084 0.02272425 0.01690365 0.02312292 0.03189369 0.03189369
A.p.
rubecula 
Anthus pratensis 0.08119601 0.1031291 0.08900332 0.06620598 0.09056478 0.12491694 0.12491694
T.p. Turdus philomelos 15.4220598 19.5879472 16.9049502 12.5749103 17.2015282 23.7262458 23.7262458
S.m. Sylvia 0.36106312 0.45859538 0.39578073 0.29440532 0.40272425 0.55548173 0.55548173
M.a.
melanocephala 
Motacilla alba 0.60983389 0.7745654 0.66847176 0.49724917 0.68019934 0.93820598 0.93820598
S.u. Sylvia undata 0.13993355 0.17773314 0.1533887 0.11409967 0.15607973 0.21528239 0.21528239
A.a. Alauda arvensis 0.83269103 1.05762188 0.91275748 0.67896346 0.92877076 1.28106312 1.28106312
S.u. Stumus unicolor 0.45953488 0.58366685 0.50372093 0.37469767 0.51255814 0.70697674 0.70697674
P.d. Passer domesticus 0.36797342 0.46737232 0.40335548 0.30003987 0.41043189 0.56611296 0.56611296
D(average
density)
52 56 57 42.4 58 80 80
Biomass(gr/10 ha) 2310 2177.4 2190.05 1959.6 2202.7 2500 2500
S o u r c e :  d a ta  r e w o r k e d  fr o m  T a b .5 .1 .2 5 ,2 7 - 2 8  a n d  F o r m u la  3
Tab.5.1.30 Arthropod fauna associated to olive groves (individuals/trap)
Sample Macroarthropods
Grove type Coleoptera Hymenoptera Other insects Aracnida TOTAL
Intensive-1/2 9.13 26.3 3.6 2.8 42.5
Convent, (bare 2.4 71.1 3.9 1.1 78.8
soil)
Convent. 2.6 97.1 2.9 2 104.8
(veg.cover)/
Ecological-1-2A/B
Intensive-1/2 11.3 27.7 3.1 0.8 42.9
Convent, (bare 5 36.3 2.3 1.8 45.5
soil)
Convent. 3.2 68.4 3 2.7 77.4
(veg.cover)
Ecological-1 -2 A/B
Grove type Microarthropods
Colembola Other insects Oribatida Mesostigmada Astigmada Other Acara TOTAL
Intensive-1/2 27.8 13.9 130 27.8 18.6 129.9 348
Convent, (bare 53.1 11.8 289.4 17.7 5.9 242.1 620.1
soil)
Convent. 799.8 142.1 5501 125.1 4.1 791.7 7365
(veg.cover)
Ecological-1-2A/B
Intensive-1/2 134.3 26 887.8 95.3 719 385.4 2248
Convent, (bare 80 80 314.8 15 55 250 795
soil)
Convent. 1449 288.3 2931 479.1 12.2 796 5956
(veg.cover)
Ecological-1 -2 A/B
Intensive-1/2 26 69.3 249.5 69.3 281.5 329.1 1069.7
Convent, (bare 26 17.3 138.6 21.7 8.7 199.2 411.4
soil)
Convent. 216.5 108.3 4426 147.2 13 1481 6392
(veg.cover)
Ecological-1-2A/B
Intensive-1/2 108.3 121.3 381.1 78 350.8 220.9 1260
Convent, (bare 23 145 334.8 55 65 149.9 779.5
soil)
Convent. 542.9 621.8 2199 491.8 27.8 969.8 4854
(veg.cover)
Ecological-1-2A/B
Source: data rew orked  from  Castro, 1993, pp .67-68; C a s tro , C a m p o s , a n d  P a sto r , 1 9 9 6 , p p .5 6 3 - 5 6 6 .
Tab.5.1.31 Arthropod fauna associated to olive groves (individuals/ha)
Macroarthrop.
Coleoptera Hymenoptera Other 
insects
Aracnida Total
Intensive 5107.5 13500 1675 900 21182.5
Conventional 
(bare soil)
1850 26850 1550 725 30975
Conventional 
(veg.cover) 
Ecological 1-2
Microarthrop.
1450 
(*10 exp 4)
41375 1475 1175 45475
Colembola Other insects Oribatida Mesostigma Astigmada Other Acara Total 
da
Intensive 74.1 57.625 412.1 67.6 342.475 266.325 1220.225
Conventional 
(bare soil)
45.525 63.525 269.4 27.35 33.65 210.3 649.75
Conventional 
(veg.cover) 
Ecological 1-2
752.05 290.125. 3764.25 310.8 14.275 1009.625 6141.125
Source: data reworked from Tab.5.1.30
LANDSCAPE
Tab.5.1.32 Landscape elements in olive groves (number/ha)
Intens.l Convent. 
Bare soil
Convent.
Veg.cover
Ecol.l Intensive 2 Ecological
2A
Ecological
2B
Habitat 2 2 4 3 3 7 8
Olive
grove?2
2 2 2 2 2 2 2
Hedgerows - - 2 1 - 4 4
Natural
woodland
*" 1 1 2
Links 1 i 3 2 2 9 11
Visible - - 1 1 2 5 6
Visual 1 i 2 1 - 4 4
Source: data taken from field observation and text
22 The number of olive grove is assumed to be two in case of the examined hectare of olive grove is 
contiguous to another olive grove, although outside the examined hectare.
Summary of the inventory of main inputs, emissions and resources of olive 
production systems
Technological inputs and emissions
Tab.5.2.1.1 Energy consumption for olive production systems (MJ/ha)
Intensive 1 Intensive 2 Convention 
Bare soil
Convention
Veg.cover
E colog .-l E colog.-2A Ecolog.-2
Total energy 21604.465 27250.404 44259.359 43059.359 9681.6836 13402.417 15057.2]
(M J/ha)
Production & 3657.5185 3826.72465 11462.568 10689.568 1182.9734 3921.7206 3921.72(
delivery energy 
(MJ/ha)
Process energy 13791.4391 16244.7543 26573.723 26573.723 7585.4942 8685.1176 8685.11'
(MJ/ha)
Inherent energy 4155.5072 7178.92516 6085.16761 5659.16761 637.416022 795.578452 795.5784!
(MJ/ha)
Source: data reworked from Electronic Appendix, File Energy Consumption
Tab.5.2.1.2 Energy requirements for the main technological inputs (MJ/ha)
Intensive 1 Intensive 2 Convention. 
Bare soil
Convention.
Veg.cover
Ecological-1 Ecological-2A Ecological-2B
Mechanization 2776.5324 2576.53969 16628.8632 16628.8632 765.137622 7024.77125 7024.77125
Fuel 8755.316 8755.316 8680.324 8680.324 6139.97 2320.065 2320.065
Buildings 562.77 414.672632 4377.1 3177.1 125.06 1375.66 1375.66
Fertilizers 7536.79 13722.49 12403.84 12403.84 1699.9 1654.8 3742.76
Pesticides/IPM 1499.125 1499.125 1495.3 1495.3 376.08 376.08 376.08
Accessories 473.9314 282.2608 673.9314 673.9314 575.536 217.8804 217.8804
Total 21604.46 27250.4 44259.36 43059.36 9681.684 13402.42 15057.22
Source: data reworked from Electronic Appendix, File Energy Consumption
Tab.5.2.2 Pesticide inputs in three olive production systems (kg/ha)
Farm Intensive-1 Intensive-2 Convent, 
(bare soil)
Convent.
(veg.cover)
Ecolog.-l Ecol.-2A Ecol.-2B
Dimethoate 0.8 0.8 0.8 0.8 - - -
Piretrine 0.01 0.01 0.01 0.01 - - -
Methidathion 0.02 0.02 0.02 0.02 - - -
(eventual)
Carbary 1 (eventual) 0.625 0.625 0.6 0.6 - - -
Copper chlorine 2.4 2.4 2.4 2.4 2.4 3.2 3.2
Simazine 1.5 1.5 1.5 - - - -
Glyphosate 2.0 2.0 2.0 - - - -
Pheromone trapping - - - - 22 25 25
IPM (Bacillus - - - - 4 3.5 3.5
thuringiensis)
Source: data taken from Tab.5.1.12.
Tab.5.2.3 Emissions per cropped area to the Background System
Intensive 1 Intensive 2 Conventional Ecological-1 Ecological-2A Ecolog.-2B
Air (mg/ha)
Particles 1708417.47 1710247.62 34302013.3 1165961.75 1199194.55 2015354.15
S 0 2 6588847.17 6529616.61 327575547 3586222.1 7573432.26 8249573.46
NOx 1610305.4 16165241.8 88767395.1 9196113.16 5693815.14 7056304.74
N20 3209697.67 2971374.42 2865171.43 3984.0116 10044.4116 10044.4116
CO 6085296.2 6172307.19 20626602.6 4322556.43 2034117.66 3026790.06
NMVOC 4560059.49 4637749.19 58162602.6 2962459.07 2340419.61 2531555.61
Benzo(a)pyren 0.43791949 0.4854595 40.9371217 0.15708 0.4961 0.4961
n h 3 2600995.4 2406146.09 2013799.73 67152.8819 1206.2873 401664.287
C 02 1687036522 1862254960 3.2953E+10 718978117 950463561 1076438124
c h 4 2576950.27 3553853.29 56155503.8 967016.683 1550212.87 1700840.47
HC1 31348.5441 28050.2537 2157118.31 11755.5496 54061.7936 58247.3936
Hg 8.31341117 10.1574154 442.29892 178.2157 9.2186 1065.2186
Vanadium 9951.16738 9212.01402 642740.225 5384.1658 12900.0998 12900.0998
P2Os 9200 9200 9200 5520 9200 9200
HF 9000 9000 9000 5400 9000 9000
Water (mg/ha)
TSS 33571.8799 32902.606 1862891.04 63202.4036 53216.1334 359938.533
BOD 1218.67817 1214.35313 15744.1161 2368.4065 617.4995 10054.2995
COD 37439.6294 37223.256 311243.364 25749.8995 16634.9419 20758.1419
Oil 300295.441 303072.35 6332436.35 188008.494 186629.037 216816.237
Arom.hydrocarb. 18253.6131 18452.8053 389742.931 11148.189 11480.8726 11480.8726
n h 3 28450.7296 28254.0458 380107.847 18908.9219 14944.7709 17795.9709
Fluorides 3340571.69 3340606.8 3359557.81 2004282.88 3340550.36 3340601.96
Sulphates 966931.013 895803.071 51223850.5 414014.433 1445496.31 1526292.31
Nitrates 55174.1084 51555.1545 18041383.2 35465040.2 8635.9299 212758450
Chlorides 8996294.23 8865413.57 211717463 5665115.3 6240667.57 7124202.37
Ions Na 5042115.53 4959836.64 101612779 3195912.74 3179282.39 3179282.39
Ions Fe 101346.321 89822.814 6726186.56 36256.4016 186094.547 194178.947
Zn 888.474245 847.027573 48354.1676 357.7537 1318.2531 1383.0531
Phosphates 2064151.11 2063774.88 2318945.02 1237521.11 2067037.72 2067365.32
As 200 200 200 120 200 200
Cd 200 200 200 120 200 200
Cu 1000 1000 1000 600 1000 1000
Cr 1000 1000 1000 600 1000 1000
Hg 190 190 190 114 190 190
Ni 800 800 800 480 800 800
Zn 1200 1200 1200 720 1200 1200
Pb2+ and Pb5+ 860 860 860 516 860 860
Gypsum 150000000 150000000 150000000 90000000 150000000 150000000
Soil (mg/ha)
Landfill 60010247.2 63824398.2 2067630434 28875868 59186068.2 64889556.6
S o u r c e :  d a ta  r e w o r k e d  fr o m  E le c tr o n ic  A p p e n d ix , F i l e  E m m is s io n s  B a c k g r o u n d  S y s t e m
Tab.5.2.4 Emissions per cropped area to the Foreground System
Intensive-1 Intensive-2 Convention, 
(bare soil)
Conventional Ecological-1 
(veg. cover)
Ecological-
2A
Ecological-
2B
Air (kg/ha)
n h 3 70.75 21.25 23.5 23.5 5.5 8 8
n 2o 6.555 3.265 3.35 3.35 1.3 2.8 2.8
NOx 0.6555 0.3265 0.335 0.335 0.13 0.28 0.28
C 02 1.587 1.587 0.287 0.287 -27.5 -42 -42
c h 4 1 1 62 62 103.4 614.2 614.2
Water (mg/ha)
As 2.861 7.322 3.016 0.1508 0.01425 0.02982 0.02982
Cd 389.157 104.594 52.976 2.6488 0.33233 0.85104 0.85104
Co 13.9 35.8 10.4 0.52 0.042 0.078 0.078
Cr 211.4 550.8 269.4 13.47 1.596 3.963 3.963
Cu 30920.4 159 169.1 8.455 2.9245 10.035 10.035
Fe 234.4 488.8 40.4 2.02 0.207 0.423 0.423
Hg 0.0785 0.197 0.064 0.0032 0.000282 0.00057 0.00057
Mo 4.125 9.25 4.25 0.2125 0.02295 0.054 0.054
Ni 68.02 144.04 52.52 2.626 0.2955 0.7104 0.7104
Pb 7385.05 32.5 34.2 1.71 0.6395 2.1045 2.1045
Se 3.725 8.45 3.85 0.1925 0.02055 0.048 0.048
Sn 4.2 20.4 10.2 0.51 0.015 0.024 0.024
Zn 134204.2 1122.4 928.2 46.41 13.874 46.389 46.389
Nitrates 30090000 20000000 29000000 20400000 13000000 19000000 19000000
Soil (mg/ha)
As 283.239 358.778 298.584 301.4492 142.48575 198.77018 198.77018
Cd 38526.543 5125.106 5244.624 5294.9512 3322.96767 5672.74896 5672.74896
Co 1376.1 1754.2 1029.6 1039.48 419.958 519.922 519.922
Cr 26868.6 26989.2 26670.6 26926.53 15958.404 26416.037 26416.037
Cu 3061119.6 7791 16740.9 16901.545 29242.0755 66889.965 66889.965
Fe 23205.6 23951.2 3999.6 4037.98 2069.793 2819.577 2819.577
Hg 7.7715 9.653 6.336 6.3968 2.819718 3.79943 3.79943
Mo 408.375 453.25 420.75 424.7875 229.47705 359.946 359.946
Ni 6733.98 7057.96 5199.48 5249.374 2954.7045 4735.2896 4735.2896
Pb 731119.95 1592.5 3385.8 3418.29 6394.3605 14027.8955 14027.8955
Se 368.775 414.05 381.15 384.8075 205.47945 319.952 319.952
Sn 415.8 999.6 1009.8 1019.49 149.985 159.976 159.976
Zn 13286215.8 54997.6 91891.8 92773.59 138726.126 309213.611 309213.611
Phosphates 4000000 8000000 5000000 2500000 0 0 0
K 0 0 0 0 0 0 0
Soil loss 
(tons/ha/year)
100 200 100 5 1 1.5 1.5
S o u r c e :  d a ta  r e w o r k e d  fr o m  E le c tr o n ic  A p p e n d ix , F i l e  E m is s io n s  F o r e g r o u n d  S y s t e m
Other inputs
Tab.5.2.5 Abiotic resource use per cropped area
Substance Intens.-l Intens.-2 Convent. Ecol.-l Ecol.-2A Ecol.-2B
Bauxite (kg/ha) 
(36% Al)
0.01 0.0097 0.06 0.0046 0.025 0.025
Iron ore (kg/ha) 
(70% Fe)
1.67 1.458 8.958 0.694 3.75 3.75
NaCl (kg/ha) - - - - - -
Limestone (kg/ha) - - - - - -
Fossil fuel (MJ/ha) 21604.46 27250.4 44259.4 9681.68 13402.4 15057.2
Source: data reworked from Electronic Appendix, File Abiotic Resources, and from Tab. 
5.2.1.1.
Tab.5.2.6 Water consumption per cropped area (m3/ha)
Intens.-l Intens.-2 Convent. Ecol.-l Ecol.-2A Ecol.-2B
Diluted sludge 1620 0 0 0 0 0
Temporary 
water depletion
0 0 0 0 0 0
Permanent 
water depletion
0 0 0 0 0 0
Source: data reworked from Tab.5.1.7.
Other inputs/resource
Tab.5.2.7 Land use per croppes area (ha land/ha olive cropped)
Intens.-l Intens.-2 Convent. Ecol.-l Ecol.-2A Ecol.-2B
Overall land 
(ha)
1 1 1 1 2 1
Source: data reworked from text, chapter 5.
Resources
Tab.5.2.8 Biotic resources per hectare of cropped area
FLORA
Biomass
(tons/year)
Intensive 1 
0.1
Intensive 2 
0.1
Convent 
bare soil
0.875
Convent
veg.cover
2.613
Ecolog.l
3.1
Ecol.-2A
4
Ecol.-2B
4
FAUNA
BIRDS
Breeding
Density 
(individuals) 
Biomass (g)
16.71
50.54
43.63
110.4
41.7
107.35
64.56
203.03
39.85
164.42
74.85
235.42
74.85
235.42
Wintering
Density 
(individuals) 
Biomass (g)
52
231
58
220.27
56
217.74
57
219.01
42.4
195.96
80
250
80
250
ARTHRO
PODS
Macro
arthropods
Density
(individuals)
21182.5 21182.5 30975 45475 45475 45475 45475
Micro
arthropods
Density
(individuals)
1220.225 1220.225 649.75 6141.125 6141.125 6141.125 6141.125
Source: data reworked from Tab.5.1.24,5.1.26.1-2,5.1.28,5.1.30 and Tab.5.1.31
Tab.5.2.9 Landscape resource: elements in olive groves (number/ha)
Intens. 1 Intensive-2 Convention 
Bare soil
Convention
Veg.cover
Ecolog.l Ecological
2A
Ecological
2B
H a bita t 2 3 2 4 3 7 8
L inks 1 2 1 3 2 9 11
Source: data taken from Tab.5.1.32
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The impact assessment phase is divided in the following steps:
(i) Classification. Each burden is linked to into a number of effect or impact categories, 
which represent one or more types of environmental impact categories, eg. global 
warming ozone depletion, eutrophication, acidification, ecotoxicity, waste quantities, 
energy utilization. This phase assigns the stresses on the environment caused by 
emissions or uptakes to one or more categories.
(ii) Characterisation. Its scope is to quantify the impacts. The contribution of each burden 
to any environmental impact category is assessed by multiplying each burden by a 
relevant weighting factor, here called Impact Assessment factor (IA): then, the weighted 
burdens are added to give scores for the different categories. Methods currently available 
are most suitable for global impacts such as global warming or ozone depletion, while 
further work should be dedicated to local impact assessment methods, eg. acidification, 
eutrophication, biodiversity depletion, mainly expressed under forms of “potentials”. 
Sometimes the impact is expressed each impact score as a fraction of the total impact 
from all sources in a certain area of time.
(iii) Normalisation: the results are normalised to obtain an estimate of the relative 
significance of the results in each environmental category, done by dividing each score 
by the total score (when available) for each category in a given geographical area, and 
considered alongside normalised scores for other impact categories outline the relative 
contribution made by the system to each impact category within a given geographical 
area.
(iv) Valuation. The normalised result for each impact category is multiplied by a 
weighting factor representing the relative importance of the different impact categories. 
The weighted results for each impact category are then added to give one final value for 
the environmental impact of the system analysed. Usually, doing that implies a phase to 
assign relative values of importance to the different impacts, generally depending on 
subjective opinion of experts such as the importance for society of a given impact. They 
usually vary on country and cultural base, as well as over time horizon.
At the present time there is no agreement on one standdard format for the phase on 
Impact Assessment. Generally speaking, because of the high degree of uncertainty that 
affects the last two phases of the assessment, mainly the steps of classification and 
characterization have been considered, as the most consensus has been reached and most 
work on them has been dedicated. A combination of two approaches, i.e. the The Critical 
Volumes and the Problem-oriented, has been developed. In chapters 6.1 and 6.2 a 
description of these approaches has been carried out, while in chapters 6.3 an 
introduction to normalizationand valuation is sketched out.
1. Classification and Characterization: The Critical Volumes Approach
This method, developed in Switzerland (Habersatter and Widmer, 1991), is articulated 
through the following classification of environmental burdens:
1. Energy consumption
2. Solid waste generation;
3. Emissions to air
4. Emissions to water
5. Emissions to land
A simple addition of the related burdens associated to the first two categories is carried 
out. For the last three, each environmental burden is divided by a corresponding quality 
standard (the reverse of the Impact Assessment factor) referred to the mean analyzed (air, 
water or soil); the resulting weighted burdens are added to each category, which gives the 
volumes of air, water and soil required to dilute the emissions to an acceptable level. The 
quality standard may be political (drinking water standard) or based on toxicity data.
The following set of criteria may help to choose among the most appropriate data 
provided by literature:
(i) when available data are given, the highest values per sub-category (e.g. human 
toxicity, aquatic or terrestrial ecotoxicity;
(ii) when no data are given per one of these sub-categories, the highest value among 
those associated to general toxicity, assuming that, although there is a certain 
probability of overestimation, the corresponding values take into account in equal 
proportions human toxicity as well as aquatic and terrestrial ecological toxicity.
Details on main literature sources are given in Appendix.III.v, Tab.6.1.1-2-3 for air, 
water and soil emissions, while for pesticide emissions detailed data are listed in Tab 6.2.
Some assumptions have to be introduced for certain emissions for which no toxicity data 
are given. Starting from the assumption that their possible fate is a fall-out over another 
mean of destination. For instance emissions to air of mercury and phosphates, for which 
no toxicity data are given, are assumed to fall-out over the mean characterized by higher 
toxicity values (i.e. soil, in the mentioned case of mercury and phosphates).
On the other hand, when toxicity data are lacking for the first mean of destination, 
considerations on the fate of one compound of a chemical family may drive the allocation 
of the overall family to one mean as its final destination, e.g. aldehydes for aromatic 
hydrocharbons emitted to water. Accordingly, the emissions to the mean for which no 
toxicity data are available are summed to the emissions to the mean of potential 
destination, and then calculated through the toxicity valueas characterizing this mean. As 
a consequence, those emissions for which toxicity values are available in the mean of 
first destination are not considered in the calculation of the toxicity for other means.
2. Classification and Characterisation: the Problem Oriented Approach
This methodology has been set up basically in the context of Leiden University (Heijungs 
et al., 1992a and 1992b). several environmental impacts have been identified, whose 
associated environmental burdens are classified and characterised according to these 
impacts. Although a set of several categories are described using this methodology, only 
few of them are considered in LCA studies. Detailed setting of impact categories usually 
listed and the approach proposed are given respectively in Tab.6.3.1-2.
Tab.6.1.1 Literature sources for Toxicity impact assessment for air emissions
Source 
Ecotoxicity 
Guinee et al., 1996 
Human toxicity 
Heijungs et al., 1992a-b 
Guinee et al., 1996 
Audsley e/a/., 1997 
General toxicity 
Habersatter, 1991 
Heijungs etal., 1991
Source: data reworked from Cowell, 1998, pp.21-23 and 35-36.
Tab.6.1.2 Literature sources for Toxicity impact assessment for water emissions
Source
Ecotoxicity Aquatic
Heijungs etal., 1992a-b Terrestrial
Guinee etal., 1996 Aquatic
Audsley et al., 1997 Aquatic
Terrestrial
Human toxicitv
Heijungs etal., 1992a-b
Guinee eta l., 1996
Audsley et al., 1997
General toxicitv
Habersatter, 1991
Heijungs etal., 1991
Source: data reworked from Cowell, 1998, pp.21-23 and 35-36.
Tab.6.1.3 Literature sources for Toxicity impact assessment for soil emissions
Source
Ecotoxicitv Aquatic
Heijungs et al., 1992a-b Terrestrial
Guinee etal., 1996 Aquatic
Terrestrial
Audsley et al., 1997 Aquatic
Terrestrial
Human toxicitv
Heijungs etal., 1992a-b
Guinee et al., 1996
Audsley et al., 1997
General toxicitv
Habersatter, 1991
Heijungs et a l,  1991
Source: data reworked from Cowell, 1998, pp.20-22 and pp.35-36.
Tab.6.2 Literature sources for Toxicity impact assessment for pesticides emissions
Source
Ecotoxicity Aq.
Heijungs etal., 1992a Terr.
Human toxicitv 
Heijungs et al., 1992a Air
Water
Soil
Source: data reworked from Heijungs et al, 1992a, pp.68-83.
Tab.6.3.1 Impact categories taken into account in the Problem Oriented Approach 
for Environmental Impact Assessment.
Resource depletion Pollution Disturbances
Energy consumption* Global warming* Physical ecosystem degradation
Abiotic resource* Ozone depletion* Landscape degradation
Ecotoxicity* Desiccation
Human toxicity*
Photochemical oxidant formation* 
Acidification*
Eutrophication*
Radiation 
Dispersion of heat 
Noise 
Smell
Working conditions
Direct victims
Source: data reworked from Cowell, S., 1998. * Categories commonly included in LCA.
Tab.6.3.2 Classification of Impact categories adopted in the present study.
Resource depletion Pollution Disturbances
Energy consumption* Global warming* Desiccation
Abiotic resource* Ozone depletion* Direct victims
Soil loss Ecotoxicity*
Solid waste Human toxicity*
Biotic resources Photochemical oxidant formation* 
Acidification*
Land use Eutrophication*
Water use Radiation
Physical ecosystem 
degradation
Dispersion of heat
Landscape degradation Noise
Smell
Working conditions
Source: data reworked and reformulated from Cowell, S., 1998.
* Categories most commonly included in LCA. In italics are indicated the new impact categories 
which will be studied in this research. Highlighted are the categories considered in this study.
3. Impact categories: overall approach
This chapter deals with the values of variables which can be categorized as input 
consumption and resource depletion. Some of them are extensive, other intensive. 
Extensive variables must be normalized to the Functional Unit (FU), as they are function 
of the production system and are targeted to production activity. Accordingly, the values 
of inputs which have been given by hectare Tab. Tab.5.2.3-4, 5.2.5-6-7-8-9, described in 
chapter 5.1) are normalized by Functional Unit.
The inputs constitute the variables which vary with the overall technological system of 
production (i.e. Energy Consumption, Greenhouse Effect, Abiotic resource Depletion, 
Photochemical Smog, Acidification, Eutrophication, Ecotoxicity, Human Toxicity, Soil 
Loss, Solid Waste generation, Water Use and Land Use to a certain extent). Greenhouse 
Effect, Photochemical Smog, Acidification, Eutrophication, Ecotoxicity, Human Toxicity 
are impact categories which are d to Pollution, and that are examined in chapter 7.2.
On the other hand, resources are variables which are inherent the physical characteristics 
where the produciton system takes place, that is the Foreground System (i.e. Biotic 
Resources, Landscapediversity). Accordingly, it makes no sense to normalize them to the 
Functinal unit of production, and it is more reasonable to normalize them to the area unit 
of the production system, the hectare.
RESOURCE DEPLETION
1. ENERGY CONSUMPTION (EC)
Energy consumption is a very particular category of impact assessment: it assess the 
energy-intensity of the overall production system. Accordingly, it can be interpreted as 
resource depletion if it comes from non renewable resources. On the other hand, as it is 
produced in the Background System, energy cannot be considered as inherent resource, 
and has to be expressed in MJ per Functional Unit.
2. SOIL LOSS (SL)
Soil Loss can be interpreted as an inherent resource or as an emission of the olive 
production system: accordingly, it can be expressed both per Functional Unit and per 
hectare.
3. SOLID WASTE (SW)
Solid waste is conceptually an emission of production systems: nevetheless, as it disposal 
is associated mainly to landfill, it has a major impact in resource depletion, basically land 
use of the Background System. Accordingly, it is expressed in kg per Functional Unit.
278
4. ABIOTIC RESOURCE DEPLETION (AD)
Tab.6.4.1.1 Abiotic resource Depletion (AD)
Substance Static reserve life in 
years23 (a)
IA24
Iron ore 119 8.4*10'3
Arsenic 21 0.048
Mercury 25 0.04
Phosphate very large 0
Potash 300 3.33*10’3
Sulphur 24 0.042
Zinc 21 0.048
Oil 40 0.025
Natural gas 60 0.0167
Hard coal 390 2.56* 10'3
Soft coal 390 2.56* 10'3
Uranium 58 0.017
Source: data reworked from (a) Lindfors et al., 1995, pl66; (b) Heijungs et al., 1992, 
p65.
Tab.6.4.1.2 Nitrogen, phosphorous and potassium emissions from olive oil 
consumption J25
Nitrogen: (0.42+ (l-0.42)*(1-0.32)) of amount in processed olive oil 
Phosphorous: total in processed olive oil 
Potassium: total in processed olive oil
23 These figures represent the numbers of years that the known reserves will last at current extraction rates.
24 The Impact Assessment factor is calculated as the inverse of the Static reserve life.
25 For nitrogen, about 42% of nitrogen is mineralised to form ammonia that is removed frm the sewage 
sludge during the subsequent dewatering steps. For phosphorous and potassium, the majority remains 
dissolved rather than enriching the sludge, indicating that they will tend to move into the effluent (Alba 
Mendoza, 1993 and Alba Mendoza, 1997 and 1998, personal communications). Considering that in the EU 
about 32% of the sludge is spread on land, the depletion of abiotic resource is calculated as the quantity 
leached into ground and surface water plus the quantity from processed olive oil.
2. BIOTIC RESOURCES (BR)
Vegetal index o f  Ecological Quality (VEO)
1
VEQU. = (p l*B IO  + p2*D IV  + p3*P B D )
^ biotopo -7 -T  — -7= -  r  r  /(pi + p2 + p3)
[Formula 1]
with: weights of the parameters pi, p2, p3.
p1 P2 P3
1 3 6
Biomass (BIO):
The biomass vary substantially according to the agricultural practices. The parameter 
BIO is given as the average biomass in tons/ha, over the period February-July.
Diversity (DlVh
measuring the degree of diversification and equilibrium characterizing the different 
species and their relative abundance (Index of Shannon-Weaver, Formula 2);
s
H = - _ Pjlogjp.
i=i [Formula 2]
where S is the number of species and p. (expressed in percentage) is the relative 
abundance of each species.
As species of the vegetal layer do not remain over the all year in olive rows, the index 
specified as the Presence of Flora Species (PFS) introduced in Chapter 5.1.9.3 (indicated 
in Tab 5.1.24). It represents the mean abundance of each species weighted by the related 
average presence in the sample of olive groves considering the associated average degree 
of infestation ,26
PFS = TRF*PP, with Total relative frequency (TRF), the ratio of the number of fields in which the 
species were present to the total sample of fields. This given an estimation of the representativeness of each 
weed species; Period o f presence (PP), indicating the percentage of the vegetative period characterizing 
the folristic species over the whole farming year.
Biodvnamic potential
The parameter PBD is structuralized according to two drivers, i.e. the sensitivenes s 
(SEN) to external and internal factors of the ecosystem (intrinsic to the ecosystem or to 
competition and man-made alteration), and the relative abundance (PFS) in climax key- 
phytocoenoses.
These parameters are synthesized in Formula 3.
PBD = f  (SEN, PFS) [Formula 3]
SEN = ecological exigence of the species; given by experts on the basis of
species sensitiveness (sensu Grime, 1988) to natural (internal) and man-made factors 
(external) and to species abundance, (sensu Braun-Blanquet, in Berthoud, 1989, pp. 17- 
23) i.e. level of saturation of species in known climax phyto-coenoses, e.g. mediterranean 
wood, marshes
PFS = presence of flora species, (Part III,section 5, Chapter 5.1.9.3 and
Tab.5.1.24).
The internal information is given by the sensitiveness to the top four of the seven 
environmental parameters identified by Landolt is scaled from 1 to 3 (fifth column in 
Tab.6.4.2),27 i.e. pH, humidity, soil organic matter, light2*. This scale has been set up 
starting from the assessment of the sensitiveness scaled in ten steps shown by each 
species for each one of the four mentioned environmental factors (first four column of 
Tab.6.4.2).Whether the species is sensitive to all parameters, we have a maximum level 
of internal information about the species environmental requirements.
The other parameter has been introduced following the approach outlined by Grime 
(1988) and defined as external information, e.g.sensitiveness to competition and 
disturbance, which means man-made pressure, scaled from 1 to 3 (sixth column in 
Tab.6.4.2). The parameter PBD (formula 4) for a given ecosystem typology or a group of
27 The ranking of the internal informations is set up as follows:
Internal Information
Desert 0
Anthropogenic species 1
Sensitiveness to 1-2 ecological factors (sensu  
Landolt)
2
Sensitiveness to 3-4 ecological factors (sensu Landolt) 3
Source: data rew orked from  E cop lan , 1992 , pp .21-39 .
28 Landolt, 1977.
ecosystem units is calculated as the average of the PBD of the species found in the 
associated biotope weighted by the Presence of Flora Species (PFS).
PBD = ( I  PFSi* SENi) /(XPFSi)
i=l i=l
PFSi = Presence of Flora Species defining the relative abundance of a given
species over the cropping year (expressed in %, see Tab.5.1.24)
SEN i = Sensitiveness of i-species
s = total number of species of the biotope typology
[Formula 4]
Tab.6.4.2 Vegetation
abundance in known
Sensitiveness (SEN) as synthesis of informational contents and 
climax key-ecosystems
Ecological factors 1 Informations INDEX OF ABUNDANCE (A B U ) SEN
a b d f int. ext. A is t L» b
buommus europaeus b 4 b "3 2 b IV “ “111 111 b
Angelica svlvestns 4 3 4 3 z 1 1 i IV 4
Lycopus europaeus b b b 3 3 1 1 in IV b
l VPha latitolis b 3 z 3 3 V 4
Fnaragmites australis b b 3 3 b 1 ■"V b
Cysimachia vuigans 4 b 4 3 2 1 11 111 IV 1 ■ 4 '
Oalium palustre 4 b b 3 2 11 ' in IV b
Kubus ulmitolius 3 4 b b 2 V V 11 4
festuca heterotilla 2 Z b 2 b 1 111 in 1 b
Lieschampsia caespitosa 4 b b 3“ 2 1 V in 4
Molinia coerulea 4 y b 4“ 3 1 1 b
Molinia arundinacea b 4 b 3 2 1 4
Luzula pilosa Z 2 4 1 b 1 111 11 1 b
Folygonatum multitlorum 3 b 4 “ 2 2 1 til + 2
Tamus communis b Z b 2 i 1 111... in 11 b
Fopulus tremula b b b 4 z 1 " n 11 b
Fopulus nigra 4 ' 4“ 3 3 z 1 1 " ' IV 111 b
salix alba 4 4 Z 3 z 1 V ll 4
Salix viminalis 4 4 b 4“ 2 IV IV 4
Salix tnandra 4 4 Z 4 2 IV IV b
(Jarpinus bemius b b 4 ~2 2 1 11 3
Corylus avellana b b b b 2 1 IV ' n ll b
Uetula pendula y y y ' 4 1 1 4
Alnus glutmosa b b 4 b b 1 IV 11 b
Uuercus robur 3 y 4 3“ 2 1 11 b
Ulmus minor 1 2 Z 1 2 1 11 3
Moehnngia tnnervia b I 3 3 Z 1 111" T ' b
Malus svlvestns 3 4 b 3 2 1 11 1 + 3
Crataegus monogvna b 4 b 4 2 1 11 n 1 b
Fragrana vesca 3 3 b b 2 1 I V ” " i 1 3
FotentUla erecta b y 4 4 3 1 ■■ nr ii 4
Frunus spmosa 2 4 b 4 2 1 in n b
frunus avium b b b 3 z 1 11 ii 11 b
Frunus padus 4 4 b z z 1 i i b
Robinia pseudoacacia z b b 3 2 1 V in 111 111 b
Mercunalis perenms b 4 3 1 z ' 1 " in i b
hrangula alnus 4 b 4 ~ T ~ 2 u ii 1 4
Hedera helix b b b z 1 1 IV n 1 + 2
Comus sanguinea b 4 b b 2 1 111 in 1 b
hraxinus excelsior 2 b b 3 3 1 11 n 1 4
Ligustrvm vulgare 3 4 b b z 1 IV n b
Vinca minor 3 4 ' 4““ Z z 111 3
Aiuga reptans b 3 b b z 1 II 3
Milittis melissophvllum 2 4 b 3 3 1 ..Ill 11 4
Meiampvrum pratense b 1 4 b 2 1 1 ii 1 b
Sambucus nigra 3 b b 3 3 1 1 i 1 4
Viburnum opulus b 2 Z 'r~ 3 1 1 i 1 4
Lomcera caprvtolium b 4 b b z 1 111 ii 1 3
Solidago gigantea 2 2. b 4 l 11 n 1 ' 1 4
lanacetum vulgare 2 b b 1 z 1 i “  1 b
Athvnum nhoemina 3 3 4 Z z 1 11 1 b
J uncus ettusum 4 4 b 3 b 2 111 b
Scfrpus lacustre 4 3 4 3 3 2 ill b
Total number o f species (including sporadic species not indicated in Table)
bu 3b bb 43 bz
Source: data reworked from Bonazzi and Rivella, 1995, pp. 23-25.
Ecological factors (sensu Landolf)
a=humidity b=pH d= soil organic matter f=light
Examples of vegetational abundance sensu Braun-Blanquet in known kev-ecosvstems 
A = Robinia pseudoacacia dominated formation
B = Arboreous-shrub secondary latifolia formation
C = Cane-brake fromation
D = Arboreous hygrophyte formations
E = Man-made rows
Tab.6.4.3 Value of Sensitiveness (SEN) for most important flora species associated 
to olive crops
Species_______________________________ State  SEN
Convolvulus arvensis VISITED (b)
Rubus spp. SEN = 4 (a) 4
Tamus communis SEN = 3 (a) 3
Stellaria media (L.) Vil. ATTRACTIVE 1
Sonchus asper (L.) Hill VISITED (b) 2
Sonchus oleraceus L. VISITED/ATTRACTIVE (b) 3
Capsella bursa-pastoris (L.) Medicus ATTRACTIVE (b) 1
Diplotaxis virgata (Cav.)DC. VERY ATTRACTIVE (b) 2
Sinapis alba L. VISITED/ATTRACTIVE (b) 3
Papaver rhoeas L. ATTRACTIVE (b) 1
Galium divaricatum  Pourret ex Lam. PBD=4 (a) 4
Galium murale (L.) All. VISITED (b) 2
Galium parisiense L. PBD=3 (a) 3
Galium spurium L. PBD=2 (a) 2
Galium tricomutum  Dandy PBD=3 (a) 3
Galium verrucosum Hudson ENDANGERED (b) 5
Anagallis arvensis L. PBD=3 (a) 3
Euphorbia exigua L. PBD=3 (a) 3
Juncus bufonius L. PBD=4 (a) 4
Plantago afra L. ATTRACTIVE (b) 1
Ranunculus arvensis L. ENDANGERED (b) 5
Source: data reworked by experts from (a) Tab.6.4.2; (b) Frieben, 1997
Fauna index o f Ecological Quality (FEQ)
FEQ = f(DEN, SEN, PBD)
1
IFQn. = (W1 *IFQ_. . + W2 * IFQ. . A)
^-Biotope " /v f r i -  T i n  \ -------  Birds ^Arthropods'
( W  1 +  W Z  j
[Formula 5]
with: weights of the parameters W l, W2.
W1 W2
1000 1
The weights of the parameters are attributed according thge following considerations: 
Two fauna communities are considered in the analysis, i.e. breeding and wintering bird 
communities. Accordingly, two separate sub-indexes for breeding and wintering bird 
have been set up and weigthed (Formula 6).
IFQBWs = (Wl * IFQBreeding + W2 * IFQwiotering)
( W 1 +  W Z  j
[Formula 6]
with: weights of the parameters W l, W2.
W1 W2
3 1
The formula 6 may be written according to the weights which have been assigned to the 
mentioned parameters (Formula 7).
IFQD . . =  (wl *DEN + w2*SEN + w3*PBD)
Breeding, wintering —1 — — 0— —( w l+ w 2  + w3)
Formula 7
with: weights of the parameters wl, w2, w3.
w1 w2 w3
1 3 3
Likely, the IFQ for Arthropods is calculated as follows. Two fauna communities are 
considered in the analysis, i.e. macro- and microarthropods. As their ecological value is 
different as a reflection of their position along the food chain, the associated value must 
be calculated through two separate sub-indexes (Formula 8).
100
IFQ = (Wl * IFQ,. u + W2 * IFQ . u J
^Arthr. TViTi — — Macroarthropods n^ncroarthropods(W1 + W2 )
[Formulas]
with: weights of the parameters W l, W2.
W1 W2
100 10000
The formula 8 may be written according to the weights which have been assigned to the 
mentioned parameters (Formula 9).
IFQ Macro- micro (wl + w2)
(wl *DEN + w2 * PBD)
[Formula 9]
with: weights of the parameters wl, w2.
w1 w2
1 3
The FEQ can therefore be synthetized by the Formula 10.
IFQdBiotoi = 2.997 IFQn + 0.999 IFQ.^  ^ ceding Birds '$>.89* 10 exp(-4) n $T fng Bif  ' + 9.89* lffgST -W FQ
/  ^Marcoarthropods r  ' microarthopods
[Formula 10]
Source: data reworked from formulas 5-6-7-8-9
Tab 6.4.4 Sensitiveness of breeding and wintering bird to olive crop structural 
parameters
Breeding birds
Sensitiveness to tree complexity and tree cover
Certhia brachydactila, Sylvia hortensis, Streptopelia turtur, Serinus serinus, Carduelis 
chloris, Fringilla coelebs, Lanius senator and Parus major.
Sensitiveness to tree cover and herbaceous cover
Sylvia hortensis, Streptopelia turtur, Carduelis chloris, Serinus serinus, Fringilla 
coelebs, Lanius senator, Parus major
Sensitiveness to herbaceous cover
Emberiza calandra, Oenanthe hispanica, Alectoris rufa, Sylvia conspicillata, Acanthis 
cannabina, Galerida cristata
Sensitiveness to tree cover
Hippolais polyglotta, Calandrella cinerea, Alectoris rufa, Acanthis cannabina, Galerida 
cristata
Sensitiveness to tree complexity 
Upupa epops, Certhia brachydactila, Cuculus canorus, Lullula arborea
Wintering birds
Sensitiveness to tree complexity
Regulus ignicapillus, Sylvia atricapilla, Certhia brachydactila, Parus major, Turdus 
iliacus, Turdus Philomelos, Sylvia melanocephala, Fringilla coelebs, Serinus serinus, 
Parus caeruleus, Phylloscopus collybita, Carduelis chloris, Carduelis carduelis, 
Streptopelia turtur.
Text Box
Background ecological considerations for bird communities
Breeding community
The analyis of the habitat width and barycenter (described in Part III, section 5.1.4.9.1), 
gives an idea of the habitat structure and profile preferred by bird species. These data are 
referred to monoculture olive crops (Appendix III.v, Tab.5.1.26.2-3, referred to olive 
growth stages listed in Appendix III.V, Tab.5.1.25). Some species have small 
barycenters, between 1 and 2, as their niche is small, characterized by very young and 
young plantations: they are black-eared wheater (Oenanthe hispanica), spectacled 
warbler (Sylvia conspicillata), com bunting (Emberiza calandra), red-legged partridge 
(Alectoris rufa) and smort-toed lark (Calandrella cinerea).
Two species are typical of the second growth stage, i.e. melodious warbler (Hippolais 
polyglotta) and crested lark {Galerida cristata), as they are influenced by the structure of 
small trees and soil. Species who prefer young and mature crops are characterized by 
higher barycenter values, from 2 to 3, such as rufus bushchat {Cercotrichas galactotes), 
using branches and trunks for nesting, while linney {Acanthis cannabina) and stone 
curlew {Bhurinus oedicnemus) prefer young crops, being typical scrubland species.
On the other hand, other species are characterized by a wider habitat width, i.e. house 
sparrow {Passer domesticus) and turtle dove {Streptopelia turtur), which use older trees 
for nesting. Species characterized by barycenter values from 3 to 4 occupy the oldest 
trees, i.e. hoopoe {Upupa epops), orphean warbler {Sylvia hortensis), woodlark {Lullula 
arborea), cuckoo {Cuculus canorus), goldfinch {Carduelis carduelis), woodchat shrike 
{Lanius senator), serin {Serinus serinus) and greenfinch {Cardualis chloris). Among 
specialist species, chaffinch {Fringilla coelebs), great tit {Parus major) and smort-toed 
treecreeper {Certhia brachydactyla) are the most selective, and can be considered 
woodland species. Summarizing, house sparrow {Passer domesticus) and goldfinch 
{Carduelis carduelis) are more generalist with respect to habitat than black-eared wheater 
{Oenanthe hispanica), woodlark {Lullula arborea) and cuckoo {Cuculus canorus), who 
can be considered good environmental indicators.
Generally speaking, many breeding species associated with olive crops are considered 
generalists, occupying a broad variety of habitats such as steppe, croplands, shrublands 
and woodland. Typical bird species of wooden areas occupy younger olive crops, while 
in the older crops Finches {Fringillidae) and forest species such as great tit {Parus major) 
and smort-toed treecreeper {Certhia brachydactyla) dominate. Thus it appears that the 
density of breeding birds increases with the age of olives, especially after their second 
growth stage -from 20 to 80 years. In older olives forest species dominate, such as serin 
{Serinus serinus) and greenfinch {Carduelis chloris), as insect-eating species prefer older 
trunks. By contrast, com bunting {Emberiza calandra) and crested lark {Galerida
cristata) dominate in young olives, as seed-eating birds find high density plantations of 
young trees more attractive.
Summarizing, monoculture olive plantations are characterized by a low degree of 
heterogeneity in both habitat and bird species, due to their poor structural complexity, 
due to the absence of a permanent herbaceous layer. On the other hand, the overall 
density and diversity of birds increases with the age of the trees.
In fact, as a consequence of agricultural practices, intensive and conventional olive crops 
offer an attractive environment only for generalist species. However, a certain 
differentiation between typical steppe species -  who dominanate in the first stages- and 
woodland species -who are dominant in older olive crops- is apparent. By contrast, 
ecological olive crops -  provided with hedgerows and permanent herbaceous layer- are 
characterized by significantly higher population density and number of specialist species, 
whose ecological value is high as they are more sensitive to habitat quality and integrity. 
In fact, agricultural practices affect breeding communities dramatically, especially the 
seed-eating, which depend strongly on the herbaceous layer, destroyed by tillage and 
pesticide use.
Although overall biomass, density and richness of species slightly increase with the age 
of olives, species richness remains low in olive monocultures dominated by serin 
(,Serinus serinus) and greenfinch (Carduelis chloris), accounting for up to 60% of the 
overall breeding birds. The dominant family is Finches (Fringilidae), which accounts for 
up to 73% of the overall breeding communities, while the presence of transaharian 
species is limited. By contrast, due to man-made activity, the overall density of specialist 
species suffered a 69% drop from 1977 to 1983, while the same figure for the good 
ecological indicator serin (Serinus serinus) is even worse: the comparison with other 
olive crops, e.g. old olive plantations in Greece, confirms these results (Munoz-Cobo, 
1990, pp.99-113 and 116-117). Clearly, this piece of evidence justifies the use of bird 
populations as indicators of environmental quality.
Wintering community
Generally speaking, a limited relationship has been found between the age of olives and 
the abundance of wintering species (Munoz-Cobo, 1992, pp.455-63), whose detailed data 
of habitat width, barycenter and main ecological parameters are provided in Appendix 
III.v, Tab.5.1.27-28. The fruit-eating song thrush (Turdus philomelos) and blackcap 
(iSylvia atracapilla), together with the seed-eating chaffinch (Fringilla coelebs), 
dominate, accounting altogether for more than 70% of all the wintering species.
The analysis allows to identify the folllowing points:
✓ the density and average richness of species are correlated, increasing with the age and 
structural complexity of olive plantations;
✓ diversity and species richness are not correlated;
/  fruit-eating and trunk insect-eating species increase with the age of the tree, while 
seed-eating and soil insect-eating species are not affected by tree age.
Breeding andWinteringcommunities: analyses compared 
Summarizing, the following considerations can be set out:
yf generally speaking, wintering birds are more numerous than the breeding community, 
but are more generalist and -consequently- less reliable environmental indicators; in 
fact, agricultural practices affect breeding more than wintering species; 
y f  Intensive and conventional olive crops are less attractive than ecological, as pesticides 
and hedgerows play a pivotal role; 
y/ Few bird species dominate in intensive and conventional olive crops -  i.e. serin 
(iSerinus serinus) and greenfinch (Carduelis chloris) for the breeding community and 
song thrush (Turdus philomelos) and blackcap (Sylvia atracapilla) for the wintering 
communities -  while ecological crops are characterized by a higher number of 
species;
</ In spring the seed-eating species of the breeding community are dominant -  eg. 
chaffinch (Fringilla coelebs)- while in winter the fruit-eating species in the wintering 
community dominate -eg. firecrest (Regulus ignicapillus), Phylloscopus collybita, 
blue tit (Parus caeruleus) and great tit (Parus major), 
y f  The habitat complexity increases slightly with the age of the trees, which leads 
average richness and density species to rise; 
y f  the availability of food resources -  i.e. seed, soil insects and invertebrata- is lower in 
intensive and conventional plantations, while long-tailed tit (Aegithalos caudatus) 
prospers only in ecological crops, and is therefore the best environmental indicator in 
olive crops.
Among breeding birds, it is possible to identify a group of species with similar 
sensitiveness to the following environmental parameters:
/  tree age and structural complexity, i.e. smort-toed treecreeper (Certhia 
brachydactyla), orphean warbler (Sylvia hortensis), chaffinch (Fringilla coelebs), 
great tit (Parus major ) on the one hand, and on the other the steppe species black- 
eared wheater (Oenanthe hispanica), red-legged partridge (Alectoris rufa), spectacled 
warbler (Sylvia conspicillata), smort-toed lark (Calandrella cinerea); additionally, (i) 
youngest olives are preferred by black-eared wheater (Oenanthe hispanica), com 
bunting (Emberiza calandra) and spectacled warbler ( Sylvia conspicillata), (ii) 
young olives by smort-toed lark (Calandrella cinerea), melodious warbler (Hippolais 
polyglotta), linney (Acanthis cannabina), (iii) old olives by turtle dove (Streptopelia 
turtur), goldfinch (Carduelis carduelis), chaffinch (Fringilla coelebs) woodchat 
shrike (Lanius senator) and great tit (Parus major); (iv) oldest olives by short-toed 
treecreeper (Certhia brachydactyla), hoopoe (Upupa epops), orphean warbler (Sylvia 
hortensis), woodlark (Lullula arborea), turtle dove (Streptopelia turtur), serin 
(Serinus serinus), woodchat shrike ( Lanius senator) and great tit (Parus major);
/  herbaceous laver. is preferred by the woodland species turtle dove (Streptopelia 
turtur) and the steppe species com bunting (Emberiza calandra) and black-eared 
wheater (Oenanthe hispanica), while Calandrella cinerea and Burhinus oedicnemus
prefer open areas; as a consequence, the number of forest species increase with the 
age of olive, while steppe species increase with the herbaceous layer cover.
Starting from these results, classes of sensitiveness to environmental parameters-olive 
age, olive crop complexity, herbaceous layer- have been set up by experts. The degree of 
sensitiveness to these parameters reflects the value of a species as an ecological indicator.
On the other hand, wintering birds are sensitive only to:
/  the age and structural complexity of olive groves, while little sensitiveness has been 
found to the presence of the herbaceous layer, as seed-eating species dominate in the 
wintering community, less sensitive to the invertebrata of the soil. Detailed data are 
given in Appendix III.v, Tab.6.4.4. Alauda arvensis and Emberiza calandra are 
associated with youngest olive plantations, while Anthus pratensis, Sylvia undata and 
Acanthis cannabina prefer young olive groves. Regulus ignicapillus, Parus major, 
Parus caeruleus, Sylvia atricapilla, Certhia brachydactila, Turdus iliacus and 
Turdus philomelos prefer oldest olives; Fringilla coelebs, Serinus serinus, Galerida 
cristata, Phylloscopus collybita, Carduelis chloris, Carduelis carduelis, Alectoris 
rufa prefer old olives.
Summarizing, the following considerations can be outlined for breeding and wintering 
bird communities associated with olive crops:
-*> breeding species are more sensitive to the structural complexity of the olive crops; 
steppe species are more affected by the presence of herbaceous layer while forest 
species are more affected by the tree density and age; accordingly, both are usually 
good environmental indicators;
wintering species are more affected by the complexity of the tree layer by the 
herbaceous layer structure and agricultural practices; accordingly, their value as 
ecological indicator is low;
-*• the previous considerations are strengthened by the fact that fruit-eating species, more 
numerous in the breeding community, prefer oldest and undisturbed olive crops, 
while seed-eating, dominant in wintering communities, prefer man-made environment 
associated with open areas and youngest olive crops.
Tab.6.4.5 Matrix of evaluation of expert assessment
Expert Assessment Mark
Very High 5
High 4
Medium 3
Low 2
Very low 1
Tab.6.4.6 Sensitiveness (SEN) and Biodynamic Potential (PBD) for breeding and 
wintering birds in olive groves
BREEDING WINTERING
SEN PBD SEN PBD
Oenanthe hispanica 3 2 Emberiza calandra 3 3
Sylvia conspicillata 4 3 Alectoris rufa 2 3
Sylvia melanocephala 3 4 Galerida cristata 3 2
Athene noctua 3 4 Acanthis cannabina 2 2
Emberiza calandra 3 3 Bhurinus oedicnemus 3 2
Alectoris rufa 2 3 Carduelis carduelis 2 3
Calandrella cinerea 3 3 Upupa epops 3 2
Hippolais polyglotta 4 3 Serinus serinus 2 3
Galerida cristata 3 2 Carduelis chloris 2 2
Galerida theklae 4 3 Fringilla coelebs 3 3
Acanthis cannabina 2 2 Parus major 2 3
Bhurinus oedicnemus 3 2 Certhia brachydactyla 4 5
Cercotrichas galactotes 4 5 Lullula arborea 4 3
Passer domesticus 2 2 Phylloscus collybita 4 3
Streptopelia turtur 4 5 Parus caeruleus 5 5
Carduelis carduelis 2 3 Regulus ignicapillus 5 5
Upupa epops 3 2 Turdus iliacus 2 3
Lanius senator 3 5 Sylvia atricapilla 1 2
Serinus serinus 2 3 Turdus viscivorus 2 2
Carduelis chloris 2 2 Erithacus rubecula 4 4
Fringilla coelebs 3 3 Anthus pratensis 4 3
Sylvia hortensis 4 5 Turdus philomelos 1 2
Parus major 2 3 Sylvia melanocephala 3 4
Parus caeruleus 5 5 Motacilla alba 3 3
Certhia brachydactyla 4 5 Sylvia undata 3 2
Lullula arborea 4 3 Alauda arvensis 4 3
Cuculus canorus J 2 Stumus unicolor 2 2
Aegitalus caudatus 4 5 Passer domesticus
Emberiza spp. 4 3
Stumus unicolor 2 2
Cyano pica 4 5
Source: Prof.J.Munoz-Cobo, personal communication
2 2
Sensitiviness, Biodynamic Potential of birds normalized to 1 ha
S E N b io to p e= (l/5 ) ( X S E N i* D i)
i=l
PBDbiotoPe = ( l /5 )  ( 1  P B D i * D i)
SENi = Sensitiveness of the i-species
PBD i = Biodynamic Potential of the i-species
D i = Density of the i-species (individuals/1 ha)
s = total number of species of the biotope typology
[Formula 11]
Sensitiveness (SEN) and Biodynamic Potential (PBD) of birds normalized to 1 
hectare
S E N  = ( l / 5 0 ) ( i s E N i * D i )
P B D  = ( l / 5 0 ) ( X P B D i * D i )
SENi = Sensitiveness of the i-species
PBDi = Biodynamic Potential of the i-species
D i = Density of the i-species (n°individuals/10 ha)
s = total number of species of the biotope typology
[Formula 12]
Tab. 6.4.7 PBD for Arthopods families relevant to olive groves
Macroarthropods
Coleoptera Hymenoptera Other insects Aracnida
5 2 1 5
Microarthropods
Colembola Other insects Oribatida Mesostigmada Astigmada Other Acara
5 5 1 4 1 1
Source: expert assessment and data reworked from Castro, Campos, and Pastor, 1996, pp.563-566.
Sensitiveness (SEN) and Biodynamic Potential (PBD) normalized to 1 hectare
Like the procedure applied for birds, the density of each family is multiplied by the 
associated value of PBD. Macroarthropod density (i.e. Di) is given by a samples of 
about 20 square meters each; the normalisation by hectare and by the five step of the 
evaluation is given in Formula 12.1 andFormula 12.2.
For Macroarthropods:
PBD =(l/5)(ipBDi*DENi)
i=l
PBD i = Biodynamic Potential of the i-family
DEN i = Density of the i-family (individuals/20 square meters)
s = total number of family of the biotope typology
[Formula 12.1]
For microarthropods:
PBD = (1/5) (£  PBDi*DENi)
i=l
PBD i = Biodynamic Potential of the i-family
DEN i = Density of the i-family (individuals/ha)
s = total number of family of the biotope typology
[Formula 12.2]
3. LANDSCAPE DIVERSITY (LD)
Formula 13. Landscape Diversity (LD)
It is measured reworking the index formulated by the Shannon-Weaver Index (1949), as 
follows:
H
LD = - X p . l o g 2h.
i=i [Formula 13]
where H is the number of habitats and h. (expressed in percentage) is the relative 
abundance of each habitat
Formula 14. Landscape Connectivity (LC)
It is assessed as follows (reworked from Forman and Godron, 1986):
LC = Existing pathways/Maximum number of pathways 
LC = (L - H + 1) / (2*H - 5)
with:
H = number of habitats
L = number of visible or visually existing links
[Formula 14]
POLLUTION
1. GLOBAL WARMING and GREENHOUSE EFFECT POTENTIAL (GE)
Tab.6.5 Global Warming Potentials as IA factors (GWP)
Global Warming Potential CO, ch4 N?P NOx CO
GWP 20 (a) 1 62 290 -
GWP 100 (a) 1 24.5 320 -  -
GWP 500 (a) 1 7.5 180 -
Indirect (b) 0 + 0 0 +
Source: (a) data reworked from IPCC, 1994a-b; (b) Heijungs et al., 1992a-b. The last row 
provides a qualitative indication of the indirect contribution to the greenhouse effect: +: 
positive contribution; -: negative contribution; 0: no contribution.
Source: Houghton etal., 1992.
The effect score for GE is calculated with:
Greenhouse Effect (GE, expressed in kg) -  
=Global Warming Potential (GWP) *  emission to the air (kg)
2. ACIDIFICATION (AC)
The acidification potential is assessed in relation to release of H+ ions caused by different 
substances (Heijungs etal., 1992b). Accordingly, the following factors should be used:
(i) one mole of S02 forms two moles H+;
(ii) one mole HC1 forms one mole H+;
(iii) one mole NOx forms one mole H+;
(iv) one mole N 03' forms one mole H+;
(v) one mole NH3 forms one mole H+.
Impact Assessment factors are developed to relate these molar values of H+ production to 
the mass of relevant substances, in relation with the Acidification Potential (AP) of S02. 
A further step has been introduced to improve this approach. Lindfors et a l  (1995) 
explain that acidification depends on the quantities of anions (S042', Cl', F\ N 03') 
coming from acidifying compounds leached into the environment; in northern Europe 
most sulphates and chlorides are leached quite quickly while only a small share of N- 
compounds will leach out, as nitrogen tends to be incorporated into biomass because of 
its short supply. Although in southern Europe the acidifying dynamics are less dramatic 
than in northern Europe, we assume the worst case as a reference milestone, as the
emissions of the compounds inducing acidification could be widespread all over the 
planet. Accordingly, maximum and minimum scenarios re outlined, and the most 
impacting values are assumed as preferred values:
□Maximum scenario: IA factors given by Heijungs et al. (1992a) for sulphur and 
halogenated compounds as well as for N-compounds;
□Minimum scenario: IA factors calculated by Heijungs et al. (1992a) for sulphur and 
halogenated compounds but assuming that IA factors for N-compounds are zero.
IA factors are given for Cl2, F2 and water emissions of C1‘, F , nitrates and sulphates in 
addition to the values listed above (Cowell, S., 1998). Detailed data are listed in Tab.6.6).
Tab.6.6 Acidification Potential as IA factors (AP)*
Source
Emissions
Scenario
Air
NH, NO, SO? c i7 HC1 HF
Water
Chlorides Fluorides Nitrates Sulphates
Heijungs et al., 1992a - 1.88 0.7 1 0.88 1.6 - - - -
Lindfors et al,  1995 Minimum 0 0 1 - 0.88 - - - - -
Maximum 1.88 0.7 1 - 0.88 - - - - -
Preferred values Minimum 0 0 1 0.91 0.88 1.6 0.88 1.6 0 0.67
Maximum 1.88 0.73 1 0.91 0.88 1.6 0.88 1.6 0.52 0.67
*The acidification potential is calculated relatively to sulphur dioxide, based on the potential amount of hydrogen 
cations per mass unit relative to the same parameter for sulphur dioxide.
Source: Cowell, 1998. Data reworked from Heijungs et al., 1992a.
The effect score for acidification is given with:
Acidification (AC, expressed in kg) =  
-Acidification potential (AP) *  emissions to the air (kg)
3. PHOTOCHEMICAL OXIDANT FORMATION and SMOG (PS)
Tab.6.7 Photochemical Oxidant Creation Potential as IA factors (POCP)
Approach VOCs-based
subcategory
NOx -based 
subcategory
Source Scenario CO HC excl. 
CH.
c h 4 Chlorinated NOx
Heijungs et al.,1992a Average for 9 days, 3 scenarios* 0.416 0.007 0.021
Minimum for 11 days, 3 scenarios 0.195 0 0.003
Maximum for 11 days, 3 scenarios 0.799 0.030 0.048
Finnveden et al., 1992 in High NOx background over 0-4 days 0.032 ; !•;" V':-i i’!; ; :  ^S' £ * £ ;l£ $
Lindfors etal., 1995
Ordinary Swedish background over 0- 0.04
4 days
Maximum level 0.036
Preferred values Minimum 0.032 0.195 0 0.003
Maximum 0.04 0.799 0.03 0.048
Average kg NOx
* Photochemical ozone creation potential relative to ethylene, based on three scenarios and nine days for Germany- 
Ireland, France-Sweden and the UK. The range is based on three scenarios, eleven days.
Source: data reworked from Cowell, 1998 and from United Nations, 1991.
The effect score for the formation of photochemical oxidants is calculated with:
Photochemical Smog (PS, expressed in kg) =
=Photochemical Oxidant Creation Potential (POCP) *  emissions to the air (kg)
4. EUTROPICHATION (EU)
Both terrestrial and aquatic nutrification should be considered: the differences between 
countries and the share of nitrates that go to groundwater and to surface water are 
significantthus there is a need for considering the fate as well as the effect factors. 
Definitely, this category describes the effects the addition of nutrients to soil or water 
induces in terms of biomass production and oxygen depletion in the receiving medium 
during organic matter composition. Impact Assessment factors are defined as the 
potential of a nutrient to form organic matter —whose generic formula is assumed to be 
Ci06H263O110N16P— in relation to that of phosphorous. Therefore, one mole of 
phosphorous contributes to one mole organic matter, and sixteen moles of nitrogen 
contributes to one mole organic matter. Releases of organic mater are also considered in 
the assessment using COD as a unit of measurement. As BOD and COD measure the 
oxygen consumed in decomposition of organic matter, and since 138 moles of molecular 
oxygen are required for the decomposition of one mole organic matter, one unit BOD or 
COD —measured as molecular oxigen— contributes to 1/138 mole organic matter.
In this light Impact Assessment factors are calculated relating these molar values to the 
mass of relevant substances, in relation to the eutrophicvation potential of phosphorous. 
Starting from these values, the eutrophication potential of a system can be calculated by 
multiplying all relevant emissions by their Impact Assessment factors, and adding the 
results. Since only one nutrient is likely to limit biomass production at any one time, the 
results should be presented in sub-categories, as follows (Lindfors et al, 1995):
□For terrestrial ecosystems
(i) N emissions to air;
□For aquatic ecosystems
(ii) P emissions to water plus organic matter to water;
(iii) N emissions to water plus organic matter to water;
(iv) N emissions to water plus organic matter to water plus N emissions to air;
(v) P emissions to water plus N emissions to water plus N emissions to air plus 
organic matter to water.
These categories are proposed as nitrogen tends to be the limiting nutrient in terrestrial 
ecosystems, and either P or N can be limiting in aquatic ecosystems. N emissions to air 
are included in the last sub-categories as nitrogen may have an effect if they land on 
water surfaces or are leached from terrestrial ecosystems. The most complete approach is 
considered, and the preferred values are those that account separately for N-limited and 
P-limited environments. Detailed data are listed in in Tab.6.8.
Tab.6.8 Eutrophication Potential as IA factors (EP)*
Source
Emissions Air Water
NOx p 2o 5 n 2 o Nitrates Phosphates Ammonium COD
Heijungs et al., 1992a 0.13 0.1 1 0.33 0.022
Preferred values N-limited 0.13 0 0.33 0.09 0 0.33 0.022
P-limited 0 1.34 0 0 1 0 0.022
* Eutrophication potential relative to phosphorous (P043' ) based on the average composition of 
biomass C106 H 2 6 3 O110N16P relative to phosphate.
Source: data reworked from Cowell, 1998 and from Heijungs et al, 1992a.
The effect score for the eutrophication is calculated with:
eutrophication (kg) = Eutrophication Potential (EP) * emissions (kg)
5. HUMAN TOXICITY (HT) AND ECOTOXICITY (ET) 
AIR emissions
Tab.6.9.1 Toxicity Impact assessment factors as IA for air emissions
Source Metals 
Pb V
Hydrocharbon 
s Aldehydes Benzene HC excl.CH4 VOCs
Ecotoxicitv Aquatic 1.2 11 - 0.0013 - -
Guinee et al., 1996 Terrestrial 11000 45000 - 0.063 - -
Human toxicitv 
Heijungs eta l. ,  1992a-b 160 120 3.9
Guinee et al., 1996 67000 4900 - 29 - -
Audsley etal.,  1997 8.9 - - - -
General toxicitv 
Habersatter, 1991 (*0.001) 1000 33.22 0.067 0.067
Heijungs etal.,  1991 (*0.001) 6.667 0.667 - 0.002 0.002
Source Others
Cl2 CO Dust F2 HC1 HF NH, NOx S02
Ecotoxicitv Aq. - - - - -
Guinee etal. ,  1996 Terr. - - - - -
Human toxicitv 
Heijungs eta l. ,  1992a-b 0.012 0.48 0.02 0.78 1.2
Guinee et al., 1996 - - - 16 0.26 0.16
Audsley etal. ,  1997 - 0.00014 0.00746 - - 0.0019 0.007
General toxicitv 
Habersatter, 1991 *0.001 50 0.125 14.29 10 2
5 46 
33.33 33.33
Heijungs eta l. ,  1991 *0.001 0.333 0.034 - 0.5 0.143 0.4 0.056 0.25 0.2
Preferred
Values
V B enzene V O C s CO Particles HC1 HF n h 3 N O x S 0 2
E cotoxicitv
aquatic 11 0.0013 0.000067 0.000125 0.01429 0.01 0.0004 0 .002 0.033 0.033
Terrestrial 45000 0.063 0.000067 0.000125 0.01429 0.01 0.0004 0 .002 0.033 0.033
Human
T oxicitv
4900 29 0.000067 0.012 0.01429 0.01 0.48 16 0.78 1.2
N .B . N o  eco tox ic ity  factors calculated by H eijungs et al., 1992a-b, A ud sley  et al., 1997. V a lu es for  
Habersatter, 1991, and Heijungs et a l . , 1991, taken from Lindfors et a l . , 1995.
Source: data reworked from Cowell, 1998, pp.20-23.
WATER emissions
Tab.6.9.2 Toxicity Impact assessment factors as IA for water emissions
Source Metals
As Cd Cr Cu Fe Hg Ni Pb Zn
Ecotoxicitv Aq. 0.2 200 1 2.0 - 500 0.33 2.0 0.38
Heijungs et al., Terr. - - - - - - - - -
1992a-b
Guinee et al., 1996 Aq. 190 4500 84 96 .. 130000 0.33 2.0 0.38
Terr. 0.0000097 0.025 0.000011 0.00001 - 8200000 0.000031 0.0000002 0.000025
Audsley et al., 1997 Aq. - 520 2.6 - - 1300 0.79 5.2 1
Terr. - - - - - - ■ - - -
Human toxicitv 
Heijungs et al., 1.4 2.9 0.57 0.02 0.00465 4.7 0.057 0.79 0.0029
1992a-b
Guinee eta l., 1996 51 130 9.3 1.1 . 18000 63 260 0.058
Audsley et al., 1997 - 3.1 0.62 0.022 - 7.8 0.062 0.86 0.0031
General toxicitv 
Habersatter, 1991 *0.001 10 2 0.5 100 2
Heijungs et al., 1991 *0.001 50 666.7 20 20 2 3333.33 - 33.3333 5
Source: data reworked from Cowell, 1998, pp.21-23.
Tab.6.9.2 (continuing) Toxicity Impact assessment factors as IA for water emissions
Source Others
Ammonia Chloride Cyanide Fluoride Nitrates
Oils and 
greases Phenols Phosphates
Ecotoxicitv Aq. - - - - - - - -
Heijungs et al., 
1992a-b
Ter. - - - - - - - -
Guinee et a l, 1996 Aq. - - - - - - 720 -
Ter. - - - - - - 34 -
Audsley et al., 1997 Aq. - - - - - 0.13 15 -
Human toxicitv
Ter. - - - - - - -
Heijungs et al., 
1992a-b
0.0017 - 0.1385 0.041 0.00078 0.00092 0.048 0.0000134
Guinee et al., 1996 14 - - - - - 0.89 -
Audsley et al., 1997 
General toxicitv
- - - 0.045 0.00085 - 0.052 0.0000032
Habersatter, 1991 *0.001 1 0.01 10 0.1 - 0.05 20 -
Heijungs etal., 1991 *0.001 0.833 - - 1 0.02 5 200 1.632
Source: data reworked from Cowell, 1998, pp.21-23.
Tab.6.9.2 (continuing) Toxicity Impact assessment factors as IA for water emissions
Source Sulphides/ Suspended 
sulphates solids
COD BOD
Ecotoxicity
Heijungs etal., 1992a-b 
Guinee etal., 1996
Audsley etal., 1997
Human toxicity 
Heijungs et al., 1992a-b 
Guinee etal., 1996 
Audsley etal., 1997 
General toxicitv 
Habersatter, 1991 
Heijungs etal., 1991
Aq.
Ter.
Aq.
Ter.
Aq.
Ter.
* 0.001
* 0.001
0.0033
2.1
10 0.05
0.02 0.033 0.143
Preferred As Cd Cr
values 
Ecotoxicity
Aquatic 190 4500 84
Terrestrial 0.0000097 0.025 0.000011
Human 51 130 9.3
toxicity
Source: data reworked from Cowell, 1998, pp.21-23.
Cu
96
0.00001
1.1
Fe Hg
0.002 130000
0.002 8200000
0.00465 18000
Ni
0.79
0.000031
63
Tab.6.9.2 (continuing) Toxicity Impact assessment factors as IA for water emissions
Pb Zn Ammonia Chloride Fluoride Nitrates Oils
Ecotoxicitv
Aquatic 5.2 1 0.001 0.00001 0.001 0.00002 0.13
Terrestrial 0.0000002 0.000025 0.001 0.00001 0.001 0.00002 0.005
Human 260 0.058 14 0.00001 0.045 0.00085 0.00092
toxicitv
Ecotoxicitv
Aquatic
Phosphates
0.001632
Sulphides/
sulphates
0.01
Susp.solids
0.00005
COD
0.000033
BOD
0.00143
Phenols
720
Terrestrial 0.001632 0.01 0.00005 0.000033 0.00143 34 ■
Human 0.0000134 2.1 0.00005 0.000033 0.00143 0.89
toxicitv
ET
Aquatic 6.143965 37.3636 27.9507 27.8608 9.6746 33.8428 205.4541
Terrestrial 0.001632 2211.2034 1705.9026 1705.7386 599.0453 2042.0252 12866.0318
HT 1.64101 8.6256 41.0681 41.05856 1.67963 9.14969 33.3978
Source: data reworked from Cowell, 1998, pp.21-23.
SOIL emissions
Tab.6.9.3 Toxicity Impact assessment factors as IA for soil emissions
Source Metals
As Cd Cr Co Cu Fe Hg
Ecotoxicitv Aq. - - - - - - -
Heijungs et al., 
1992a-b
Terr. 3.6 13 0.42 0.42 0.77 0.43 29
Guinee et al., 1996 Aq.(*105) 0.0018 0.27 0.000076 0.0044 0.00084 0.0001 16
Terr.(*10"3) 270 470000 820 62 3400 4 18000
Audsley et al., 1997 Aq. - - - - - - -
Human toxicitv
Terr. 2.3 9.6 0.27 “ 0.27 0.41 19
Heijungs et al., 
1992a-b
0.043 7 0.018 0.065 0.0052 - 0.15
Guinee etal., 1996 910 28000 470 2100 42 - 29000
Audsley et al., 1997 
General toxicitv
78000 160000 32000 111000 1260 - 400000
Habersatter, 1991 (*10-3) - - - - - - -
Heijungs etal., 1991 (*10'3) - - - - - - -
Source: data reworked from Cowell, 1998, pp.35-36.
Tab.6.9.3 (continuing) Toxicity Impact assessment factors as IA for soil emissions
Source Metals
Mo Ni Pb Se Sn Zn
Ecotoxicity
Heijungs etal., 1992a-b 
Guinee etal., 1996
Audsley etal., 1997
Human toxicitv 
Heijungs etal,  1992a-b 
Guinee et al., 1996 
Audsley et al., 1997 
General toxicity 
Habersatter, 1991 
Heijungs etal., 1991
Aq.
Terr.
Aq.(*105)
Terr.
( * l0-3)
Aq.
Terr.
0.7
1.7
0.036
710
1.1
0.014
1100
0.025 
480 
20000 560000
2.6
- 0.0051 0.0026
- 1700 2400
1
- 0.007
220 17
80
(*l0-3)
(*l0-3)
Source: data reworked from Cowell, 1998, pp.35-36.
Tab.6.9.3 (continuing) Toxicity Impact assessment factors as IA for soil emissions
Preferred As Cd Cr Co Cu Fe Hg
values
Ecotoxicitv
Aquatic 180 27000 7.6 440 84 10 1600000
Terrestrial 3.6 470 0.82 0.42 3.4 0.43 29
Human 78000 160000 32000 111000 1260 400000
Toxicitv
Mo Ni Pb Se Sn V Zn
Ecotoxicitv
Aquatic 3600 510 260
Terrestrial 1.7 1.7 2.6
Human 0.7 1100 20000 560000 80 220 17
Toxicitv
Source: data reworked from Cowell, 1998, pp.35-36.
PESTICIDE emissions
Tab.6.10 Toxicity Impact assessment factors (IA) for pesticides
Source
Carbaryl Dimethoate Glyphosate Methidathion Pyrethrin Simazine Cu
_________________ oxychloride
Ecotoxicitv Aq. - - - 1.0
(ECA)
Heijungs et al., 1992a Terr. - 280 - 12
(ECT)
Human toxicity
Heijungs etal., 1992a Air 3.3 3.3 0.11 6.7 0.83 17
(HCA)
Water 0.29 0.29 0.0095 0.57 0.071 1.4
(HCW)
Soil* 0.1 - - - -
(HCS)
* Values calculated ffor standard soil containing 10% organic matter and 25% clayey material.
Source: data reworked from Heijungs et al., 1992a, pp.68-83.
The following toxicity factos are listed:
(i)Human toxicological classification factor for the air (HCA), (ii) human toxicological 
classification factor for water (HCW), (iii) human toxicological classification factor for 
the soil (HCS).
The effect score for human toxicity is calculated as follows:
Human Toxicity (HT, expressed in kg) =  HCA (kg *  kg'1) *  emissions to the air (kg) + 
HCW (kg * kg'1) *  emissions to water (kg) +  HCS (kg * kg'1) * emissions to the soil (kg)
Ecotoxicological classification factor for terrestrial ecosystems (ECT) in kg soil * kg'1 
substance and the ecotoxicological classification factor for aquatic ecosystems (ECA) in 
m3 water * kg'1 substance. The effect score for aquatic toxicity is calculated with:
aquatic Ecotoxicity (aq. ET, expressed in m3) =
=  ECA (m3 * mg’1) *  emission to water (mg)
The effect score for terrestrial toxicity is calculated with:
terrestrial ecotoxicity (terr. ET, expressed in kg) =
=  ECT (kg* mg'1) *  emission to the soil (mg)
ENVIRONMENTAL IMPACT ASSESSMENT: 
CASE STUDY EVALUATION
RESOURCE DEPLETION
The data related to resource depletion per hectare which are given in Section 5.1, are 
calculated by functional unit in order to assess the associated impacts.
(i) Energy Consumption (EC), Solid Waste (SW) generation , Soil Loss (SL); Tab.7.1.1.
(ii) Abiotic resource Depletion (AD); Tab.7.1.2-3.
(iii) Water Use (WU) and Land Use (LU); Tab.7.1.4.
(iv) Biotic resources (BR); from Tab.7.1.5 to Tab.7.1.20.
(v) Landscape diversity (LD). Tab.7.1.5.
Due to the high number of parameters considered, some more details are provided for the 
category Biotic Resources.
Biotic Resource (BR)
This category aims to evaluate the ecological quality of both vegetation and fauna 
associated to olive cropping systems. Accordingly, it has been structuralized by two 
indexes, i.e; Vegetation index of Ecological Quality (VEQ) and Fauna index of 
Ecological Quality (FEQ), given by the following formulations.
BR = f (VEQ, FEQ)
In their turn, VEQ is function of Biomass (BIO), Diversity (DIV) and Biodynamic 
Potential (PBD). FEQ is function of Density (DEN), Sensitiveness (SEN) and 
Biodynamic Potential (PBD).
VEQ = g(BIO, DIV, PBD)
FEQ = h (DEN, SEN, PBD)
Detailed description of BIO, DIV and PBD are given in Tab.7.1.5-6-7.
VEQ values are given in Tab.7.1.8.
Detailed data and formulation of FEQ and its parameters DEN, SEN and PBD are given 
in from Tab.7.1.9 to Tab.7.1.20.
Among them, it is possible to group:
-  DEN for breeding and wintering bird communities are given in Tab.7.1.9.
-  SEN for breeding and wintering bird communities are given in Tab.7.1.10 and 
Tab.7.1.11 respectively;
-  PBD for breeding and wintering bird communities are given in Tab.7.1.12 and 
Tab.7.1.13 respectively;
-  SEN and PBD for overall bird communities are given in Tab.7.1.14, while FEQ is 
given in Tab.7.1.15;
-  SEN and PBD for Arthropods are given in Tab.7.1.16 and Tab.7.1.17 respectively;
-  FEQ for macro and micro arthropods are given in Tab.7.1.18, while the overall figures 
for Arthropods are listed in Tab.7.1.19;
FEQ values for overall bird and arthropod communities are given in Tab.7.1.20. 
VEQ values and FEQ values are listed in Tab 7.2 and 7.3 respectively 
BR values of overall biotic rsources are indicated in Tab.7.4
POLLUTION
The data related to emissions per hectare given in Tab.5.2.3-4; this data are normalized 
by Functional Unit through tha data concerning yield listed in Tab.7.1. Accordingly, it is 
possible to express them as emissions by functional unit, listed in Tab.7.6.1-2 for 
Background and Foreground Systems respectively.
These data are the basis to calculate the impact scores of the impact categories examined 
below, and classified within the impact macrocategory "Pollution", i.e. Greenhouse 
Effect, Acidification, Photochemical Smog, Eutrophication, Ecotoxicity, Human 
Toxicity, which detailed data are listed in given in the following Tables:
(i) Greenhouse Effect (GE) (Tab.7.7). The gases relevent to this category have been 
summed, taking into account those coming from both Background and Foreground 
systems.
(ii) Acidification (AC) (Tab.7.8).
(iii) Photochemical Smog (PS) (Tab.7.9).
(iv) Eutrophication (EU) (Tab.7.10).
(v) Relevant emissions for Human Toxicity (HT) and Ecological Toxicity (ET), split in 
Background and Foreground Systems: Air (Tab.7.11.1).
(vi) Relevant emissions for Human Toxicity (HT) and Ecological Toxicity (ET), split in 
Background and Foreground Systems: Water (Tab.7.11.2).
(vii) Relevant emissions for Human Toxicity (HT) and Ecological Toxicity (ET), split in 
Background and Foreground Systems: Soil (Tab.7.11.3).
(viii) Relevant emissions for Human Toxicity (HT) and Ecological Toxicity (ET) in the 
Foreground System: Pesticides (Tab.7.11.4).
(ix) Human Toxicity (HT) and Ecological Toxicity (ET): Air (Tab.7.11.5).
(x) Human Toxicity (HT) and Ecological Toxicity (ET): Water (Tab.7.11.6).
(xi) Human Toxicity (HT) and Ecological Toxicity (ET): Soil (Tab.7.11.7).
(xii) Human Toxicity (HT) and Ecological Toxicity (ET): Pesticides (Tab.7.11.8).
(i)
(ii)
(iii)
TYPES OF OLIVE PRODUCTION
Tab.7.1 Olive production systems
Production system Intensive-1 Conventional Ecological-1 Intensive-2 Ecolog.-2A Ecolog.-2B
Geomorphology lowland moderate 
hilly slopes
plain, very 
moderate 
hilly slopes
mountain steep hills, 
mountain
steep hills, 
mountain
Productivity High Medium-
High
High Low Low Low
Productivity (kg/tree) 38.5 38.0 10.9 20.0 8.0 8.0
Yield (kg/ha) 5190 3040 4000 743 800 800
Source: data reworced from Tab.3.1
RESOURCE DEPLETION
ENERGY. SOT.TD WASTE. SOIL LOSS
Tab.7.1.1 Energy Consumption (EC), Solid Waste (SW) and Soil loss (SL) emissions 
for olive production systems
Intensive 1 Convention. 
Bare soil
Convention.
Veg.cover
Ecol.-l Intensive 2 Ecol.-2A Ecol.-
Total energy/ cropped area 
(MJ/ha)
21604.4648 44259.3586 43059.359 9681.68362 27250.4041 13402.4167 15057.2
Landfill/cropped area (g/ha) 60010.2472 2067630.434 2062925.434 63824.3982 28875.868 59186.0682 64889.5:
EC (MJ/FU) 4162.71 14559 14164 2420.42 36676.2 16753.02 18821
SL (kg/FU) 19267.82 32894.74 1644.74 l l l i l l l ® ! ! 269179 1875.1 l:
SL (kg/ha) 100000 100000 5000 1000 200000 1500 1
SW (kg/FU) 11.563 680.14 679.60 i l l i i f i 85.90 73.98 81
Source: data reworked from Tab.5.2.1.1, 5.2.3 and Tab.7.1.
ABIOTIC RESOURCE
Tab.7.1.2 Abiotic resource depletion: hypothetical closure of the life cycle
Substance Equivalent Intens.-l Convent. Ecol.-l Intens.-2 Ecol.-2A Ecol.-2B
factor
(MJ/kg) (MJ/ha) (MJ/ha) (MJ/ha) (MJ/ha) (MJ/ha) (MJ/ha)
Bauxite 21.6 0.24 1.29 0.1 0.21 0.54 0.54
(36% Al)
Iron ore 2.8 0.01 0.054 0.004 0.009 0.022 0.022
(70% Fe)
NaCl 0 II111S1I1I : - - -
Limestone 0 illSSlBHIlIllllSSBlSllBlSillSSSIllill: - - -
Total fossil 
fuel/ha
1 MJ/ha 21604.46 44259.4 9681.68 27250.4 13402.4 15057.2
Equivalent in 
wooden area 
m2 year/ha (IA)
0.2 m2 
year/MJ
4320.9 8851.9 1936.3 5450.1 2680.5 3011.4
Source: data reworked from field and from Audsley et al., 1997, p67.
Tab.7.1.3 Abiotic resource Depletion (AD)
Yearly energy cropped wooden 
area equivalent of fossil fuel 
needs
Intens.-l Convent. Convent. Ecol.-l 
Bare soil Veg.cov.
Intens.-21 Ecol.-2A Ecol.-2B
m2 year /ha 4320.9 8851.9 8851.9 1936.3 5450.1 2680.5 3011.4
AD (m2 year/FU) 832.54 2911.81 2911.8 484.07 7335.26 3350.62 3764.25
Source: data reworked from Tab.7.1.2 and Tab.7.1. 
LAND USE AND WATER DEPLETION
Tab.7.1.4 Land Use (LU) and Water Depletion (WD)
Intens.-l Convent. Convent. Ecol.-l 
Bare soil veg.cove
Intens.-2 Ecol.-2A Ecol.-2B
LD (ha/FU) 0.1927 0.3289 0.3289 0.25 1.3459 2.5 1.25
WD (m3/FU) 0 mmsmmmmmmim, 0 0 0
Source: data reworked from Tab.5.2.6-7 and Tab.7.1
BIOTIC RESOURCES
BR = VEQ + FEQ
Vegetation Index o f ecological Quality (VEQ)
Biomass (BIO): 
The ecological value of the olive agro-ecosystems vary substantially according to the 
farming practices (Tab.7.1.5).
Tab.7.1.5 Biomass of the vegetal layer in olive groves (BIO)_____________________
Tot.freq. Intens.-l Convent. Convent Ecolog.- Intens.-2 Ecolog.- Ecolog.- 
%_______________bare soil (veg.cov) 1_______;________2A______2B
pp (%) l l i l i l l i l i 10 60 70 10 100 100
Residual cover after 15 13.5 13.5 6 12.24 100 100
treatment (%)
BIO (Average biomass in 0.1 0.875 2.613 3.1 0 .1 4 4
tons/ha, over the period 
February-July)
Source: Tab.5.1.24
Diversity (DIV): 
The values of DIV is calculated thanks to the values of the product (Presence of Flora 
Species (PFS) * lg2 (PFS)) and are given in Tab.7.1.6.
Tab.7.1.6 Presence of flora species (PFS) and Diversity for vegetational species 
(DIV)
Intensive-1 Convent. Convent. Ecological- Intensive-2 Ecological- Ecological-
(bare soil) (vegetal 1 2A 2B
________________ cover)_______________________________________________________
PERENNIAL
Allium paniculatum 9.04864764 9.04864764 120.983918 147.841917 9.04864764 233.329384 233.329384
Allium ampeloprasum  4.45455341 4.45455341 71.705668 88.1711788 4.45455341 140.881449 140.881449
Allium roseum 2 2 43.01955 53.3029689 2 86.4385619 86.4385619
Arisarumsimorrhinum  3.8689904 3.8689904 65.0903349 80.1419408 3.8689904 128.381963 128.381963
Aristoloquia paucinervis 0.31564129 0.31564129 20.5055777 25.7912704 0.31564129 43.01955 43.01955
Arumitalicum  0.31564129 0.31564129 20.5055777 25.7912704 0.31564129 43.01955 43.01955
Asparagus spp. 20.0775151 20.0775151 230.584493 280.068145 20.0775151 436.632045 436.632045
Convolvulus althaeoides 15.1082182 15.1082182 182.156982 221.701286 15.1082182 347.07594 347.07594
Convolvulus arvensis 15.1082182 15.1082182 182.156982 221.701286 15.1082182 347.07594 347.07594
Cynodon dactylon 13.5268739 13.5268739 166.465006 202.771282 13.5268739 317.974784 317.974784
Cyperus rotundus -0.4421794 -0.4421794 6.65278886 8.69563518 -0.4421794 15.509775 15.509775
Elymus repens -0.2575425 -0.2575425 10.8625651 13.9183902 -0.2575425 24 24
Eryngium campestre 1.08491505 1.08491505 31.3251303 39.0367805 1.08491505 64 64
Euphorbia serrata 8.34605803 8.34605803 113.666426 138.993492 8.34605803 219.659632 219.659632
Foeniculum vulgaris 5.68413788 5.68413788 85.2870848 104.638864 5.68413788 166.465006 166.465006
Gladiolus italicus 4.45455341 4.45455341 71.705668 88.1711788 4.45455341 140.881449 140.881449
Hypericum perforatum 5.06003147 5.06003147 78.4404913 96.3398221 5.06003147 153.580086 153.580086
Mandragora autumnalis 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Muscari comosum 16.7287165 16.7287165 198.083882 240.905368 16.7287165 376.568635 376.568635
Muscari neglectum 16.7287165 16.7287165 198.083882 240.905368 16.7287165 376.568635 376.568635
Omithogalum narbonense 14.3124829 14.3124829 174.280615 212.200842 14.3124829 332.474731 332.474731
Oxalis pes-caprae -0.5287712 -0.5287712 3.03128257 4.15919512 -0.5287712 8 8
Pistacia lentiscu 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Rubia peregrina 0.31564129 0.31564129 20.5055777 25.7912704 0.31564129 43.01955 43.01955
Rubus spp. -0.2575425 -0.2575425 10.8625651 13.9183902 -0.2575425 24 24
Sanguisorba minor 1.08491505 1.08491505 31.3251303 39.0367805 1.08491505 64 64
Sedum album -0.4421794 -0.4421794 6.65278886 8.69563518 -0.4421794 15.509775 15.509775
Sedum sediforme -0.4643856 -0.4643856 0.31564129 0.67959756 -0.4643856 2 2
Silene vulgaris 5.68413788 5.68413788 85.2870848 104.638864 5.68413788 166.465006 166.465006
Sorghum halepense 0.31564129 0.31564129 20.5055777 25.7912704 0.31564129 43.01955 43.01955
Tamus communis 1.52639443 1.52639443 37.0759616 46.057433 1.52639443 75.05865 75.05865
Thapsia villosa 
ANNUAL
i i u i i s i i i l l l l i l 15.509775 19.6514845 0 33.2192809 33.2192809
Amarantaceae 5.06003147 5.06003147 78.4404913 96.3398221 5.06003147 153.580086 153.580086
Amaranthus albus L. -0.5287712 -0.5287712 3.03128257 4.15919512 -0.5287712 8 8
Amaranthus blitoides S. Watson 5.06003147 5.06003147 78.4404913 96.3398221 5.06003147 153.580086 153.580086
Carvophvllaceae 14.3124829 14.3124829 174.280615 212.200842 14.3124829 332.474731 332.474731
Cerastium glomeratum  Thuill. 1.52639443 1.52639443 37.0759616 46.057433 1.52639443 75.05865 75.05865
Sagina apetala Ard. 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Silene rubella L. 3.03128257 3.03128257 55.4111555 68.3825407 3.03128257 110.0391 110.0391
Spergularia rubra (L.) J&C 
Presl.
-0.5287712 -0.5287712 3.03128257 4.15919512 -0.5287712 8 8
Stellaria media (L.) Vil. | j | | j | g | | i i i i i i i i i ! 43.01955 53.3029689 2 86.4385619 86.4385619
Vaccaria hispanica (Miller) 
Rauscher
3.8689904 3.8689904 65.0903349 80.1419408 3.8689904 128.381963 128.381963
Compositae 25.7912704 25.7912704 285.029732 345.611362 25.7912704 536.954664 536.954664
Anaclytus clavatus (Desf.) Pers. i i i i i i i i i i l l l l l l i i l S 43.01955 53.3029689 2 86.4385619 86.4385619
A ster squamatus (Sprengel) 
Hieron
1.08491505 1.08491505 31.3251303 39.0367805 1.08491505 64 64
Calendula arvensis L. 2.50250775 2.50250775 49.1365515 60.7508201 2.50250775 98.1074956 98.1074956
Chrysantenum segetum L. 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Conyza bonariensis (L.) Cronq. 6.32574223 6.32574223 92.2386659 113.060391 6.32574223 179.524906 179.524906
Conyza canadiensis (L.)Cronq. -0.2575425 -0.2575425 10.8625651 13.9183902 -0.2575425 24 24
Crepis spp. 3.8689904 3.8689904 65.0903349 80.1419408 3.8689904 128.381963 128.381963
Filago spp. 6.32574223 6.32574223 92.2386659 113.060391 6.32574223 179.524906 179.524906
Lactuca seriola L. 5.68413788 5.68413788 85.2870848 104.638864 5.68413788 166.465006 166.465006
Piceis echioides L. 4.45455341 4.45455341 71.705668 88.1711788 4.45455341 140.881449 140.881449
Pulicaria paludosa Link 5.06003147 5.06003147
Sonchus asper  (L.) Hill 0 0
Sonchus oleraceus L. 5.68413788 5.68413788
Cruciferae 28.529325 28.529325
Capsella bursa-pastoris (L.) 0.31564129 0.31564129
Medicus
Diplotaxis virgata  (Cav.)DC. 18.3858793 18.3858793
Rapistrum rugosum (L.) all. 5.06003147 5.06003147
Sinapis alba L. 8.34605803 8.34605803
Geraniaceae 16.7287165 16.7287165
Erodium cicutarium  (L)L'Her. 5.06003147 5.06003147
Erodium malacoides (L.)L'Her. 6.9838435 6.9838435
Erodium moschatum (L.)L'Her. 0.31564129 0.31564129
Geranium molle L. IlSliliiiiiii
Geranium purpureum  Vill. -0.4421794 -0.4421794
Gramineae 27.610031 27.610031
Avena sterilis L. 1.52639443 1.52639443
Brachypodium distachyon (L.) 
Beauv.
BSllSiliSSlllSIIH
Briza maxima L. -0.5287712 -0.5287712
Bromus diandrus Roth 0.67959756 0.67959756
Bromus madritensis L. 3.8689904 3.8689904
Desmazeria rigida (L.)Tutin 0.67959756 0.67959756
Lolium rigidum Gaudin 24.8921161 24.8921161
Phalaris brachystachys Link 0.67959756 0.67959756
Leguminosae 30.3870111 30.3870111
Coronilla scorpioides (L.) Koch 3.03128257 3.03128257
Medicago doliata Canning. 7.65754908 7.65754908
Medicago orbicularis (L.) Bartal. 4.45455341 4.45455341
M edicago polymorpha L. 14.3124829 14.3124829
Melilotus indica (L.) All. 0.31564129 0.31564129
Ononis pubescens L. -0.4421794 -0.4421794
Ononis viscosa L. 0.31564129 0.31564129
Scorpiurus muricatus L. 10.4935056 10.4935056
Vicia lutea L. 5.06003147 5.06003147
Vicia sativa L. 2.50250775 2.50250775
Malvaceae 11.987536 11.987536
Althaea hirsuta L. 0.67959756 0.67959756
Lavatera cretica L. BlllillSlgliiiil
Malva nicaeensis All. 0.67959756 0.67959756
Malva parviflora  L. 5.06003147 5.06003147
Papaveraceae 18.3858793 18.3858793
Fumaria officinalis L. 0.67959756 0.67959756
Fumaria parviflora Lam. 6.9838435 6.9838435
Papaver dubium L. 0.31564129 0.31564129
78.4404913 96.3398221 5.06003147 153.580086 153.580086
15.509775 19.6514845 0 33.2192809 33.2192809
85.2870848 104.638864 5.68413788 166.465006 166.465006
310.763925 376.568635 28.529325 584.266779 584.266779
20.5055777 25.7912704 0.31564129 43.01955 43.01955
214.230769 260.366101 18.3858793 406.427976 406.427976
78.4404913 96.3398221 5.06003147 153.580086 153.580086
113.666426 138.993492 8.34605803 219.659632 219.659632
198.083882 240.905368 16.7287165 376.568635 376.568635
78.4404913 96.3398221 5.06003147 153.580086 153.580086
99.2892285 121.597397 6.9838435 192.749775 192.749775
20.5055777 25.7912704 0.31564129 43.01955 43.01955
15.509775 19.6514845 0 33.2192809 33.2192809
6.65278886 8.69563518 -0.4421794 15.509775 15.509775
302.146206 366.20328 27.610031 568.429982 568.429982
37.0759616 46.057433 1.52639443 75.05865 75.05865
15.509775 19.6514845 0 33.2192809 33.2192809
3.03128257 4.15919512 -0.5287712 8 8
25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
65.0903349 80.1419408 3.8689904 128.381963 128.381963
25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
276.532851 335.386985 24.8921161 521.319264 521.319264
25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
328.113952 397.433032 30.3870111 616.131352 616.131352
55.4] 11555 68.3825407 3.03128257 110.0391 110.0391
106.433417 130,243633 7.65754908 206.130687 206.130687
71.705668 88.1711788 4.45455341 140.881449 140.881449
174.280615 212.200842 14.3124829 332.474731 332.474731
20.5055777 25.7912704 0.31564129 43.01955 43.01955
6.65278886 8.69563518 -0.4421794 15.509775 15.509775
20.5055777 25.7912704 0.31564129 43.01955 43.01955
135.856976 165.816516 10.4935056 261.065676 261.065676
78.4404913 96.3398221 5.06003147 153.580086 153.580086
49.1365515 60.7508201 2.50250775 98.1074956 98.1074956
151.025068 184.135322 11.987536 289.293692 289.293692
25.7912704 32,2692611 0.67959756 53.3029689 53.3029689
43.01955 53.3029689 2 86.4385619 86.4385619
25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
78.4404913 96.3398221 5.06003147 153.580086 153.580086
214.230769 260.366101 18.3858793 406.427976 406.427976
25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
99.2892285 121.597397 6.9838435 192.749775 192.749775
20.5055777 25.7912704 0.31564129 43.01955 43.01955
Papaver hybridum L. 7.65754908 7.65754908 106.433417 130.243633 7.65754908 206.130687 206.130687
Papaver rhoeas L. 12.7517595 12.7517595 158.712365 193.415184 12.7517595 303.579784 303.579784
Platycapnos spicata (L.)Bemh. 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Rubiaceae 30.3870111 30.3870111 328.113952 397.433032 30.3870111 616.131352 616.131352
Asperula arvensis L. 1.08491505 1.08491505 31.3251303 39.0367805 1.08491505 64 64
Crucianella angustifolia L. 1.08491505 1.08491505 31.3251303 39.0367805 1.08491505 64 64
Galium divaricatum  Pourret ex -0.5287712 -0.5287712 3.03128257 4.15919512 -0.5287712 8 8
Lam.
Galium murale (L.) All. i l l B S S l l B l I l S i i i l E 43.01955 53.3029689 2 86.4385619 86.4385619
Galium parisiense L. 5.68413788 5.68413788 85.2870848 104.638864 5.68413788 166.465006 166.465006
Galium spurium L. 6.32574223 6.32574223 92.2386659 113.060391 6.32574223 179.524906 179.524906
Galium tricomutum  Dandy 20.0775151 20.0775151 230.584493 280.068145 20.0775151 436.632045 436.632045
Galium verrucosum Hudson i n s i i i i i l j i i t B 15.509775 19.6514845 0 33.2192809 33.2192809
Sherardia arvensis L. 12.7517595 12.7517595 158.712365 193.415184 12.7517595 303.579784 303.579784
Scrophulariaceae 17.5528582 17.5528582 206.130687 .250.604656 17.5528582 391.453908 391.453908
Kickxia lanigera (Desf.)Hand- 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Mazz.
Linaria amethystea (Lam.) j i l l l l i l i j i i i i i 15.509775 19.6514845 0 33.2192809 33.2192809
Hoffmanans & Link 
Linaria hirta (L.) Moench l l l l l i I S l l S l l l i 15.509775 19.6514845 0 33.2192809 33.2192809
Linaria latifolia Desf. 0.67959756 0.67959756 25.7912704 32.2692611 0.67959756 53.3029689 53.3029689
Linaria micrantha (Cav.) 1 B 1 S 1 I I ! i i i i i i i i i ! 43.01955 53.3029689 2 86.4385619 86.4385619
Hoffmannans & Link 
Misopates orontium (L.) Rafin 1.52639443 1.52639443 37.0759616 46.057433 1.52639443 75.05865 75.05865
Veronica hederifolia L. i l i l l l S I B l i l l l i l 15.509775 19.6514845 0 33.2192809 33.2192809
Umbrellifereae 20.9356442 20.9356442 238.835223 290.005346 20.9356442 451.857193 451.857193
Ammi majus L. . -0.5287712 -0.5287712 3.03128257 4.15919512 -0.5287712 8 8
Bupleurum lancifolium Homem. l i S l l i i s i l i i i i i i 15.509775 19.6514845 0 33.2192809 33.2192809
Conium maculatum L. i i l l i l i i l l i l i j 15.509775 19.6514845 0 33.2192809 33.2192809
Daucus spp. 7.65754908 7.65754908 106.433417 130.243633 7.65754908 206.130687 206.130687
Scandix pecten-veneris L. 1.52639443 1.52639443 37.0759616 46.057433 1.52639443 75.05865 75.05865
Torilis arvensis (Hudson) Link 8.34605803 8.34605803 113.666426 138.993492 8.34605803 219.659632 219.659632
Torilis leptophylla (L.) Reichenb. I S i i i S B i i i i i i i i i i 15.509775 19.6514845 0 33.2192809 33.2192809
Torilis nodosa (L.) Gaertner 4.45455341 4.45455341 71.705668 88.1711788 4.45455341 140.881449 140.881449
Other families 
Anagallis arvensis L. 8.34605803 8.34605803 113.666426 138.993492 8.34605803 219.659632 219.659632
Campanula erinus L. 1.08491505 1.08491505 31.3251303 39.0367805 1.08491505 64 64
Convolvulus tricolor L. -0.2575425 -0.2575425 10.8625651 13.9183902 -0.2575425 24 24
Crassula tillaea Lester-Garland I i i i i i i i i l l l l l i 15.509775 19.6514845 0 33.2192809 33.2192809
Delphinium gracile DC. 0 O H H 15.509775 19.6514845 0 33.2192809 33.2192809
Euphorbia exigua L. 3.8689904 3.8689904 65.0903349 80.1419408 3.8689904 128.381963 128.381963
Juncus bufonius L. 0 0 15.509775 19.6514845 0 33.2192809 33.2192809
Lamium amplexicaule L. 17.5528582 17.5528582 206.130687 250.604656 17.5528582 391.453908 391.453908
Lythrum acutangulum Lag. 0 0 15.509775 19.6514845 0 33.2192809 33.2192809
Lythrum hissopifolia L. 0 0 15.509775 19.6514845 0 33.2192809 33.2192809
Plantago afra L. 0 0 15.509775 19.6514845 0 33.2192809 33.2192809
Ranunculus arvensis L. 2.50250775 2.50250775 49.1365515 60.7508201 2.50250775 98.1074956 98.1074956
Ranunculus parviflorus L. 2.50250775 2.50250775 49.1365515 60.7508201 2.50250775 98.1074956 98.1074956
Reseda lutea L. 7.65754908 7.65754908 106.433417 130.243633 7.65754908 206.130687 206.130687
Reseda phyteuma L. 2.50250775 2.50250775 49.1365515 60.7508201 2.50250775 98.1074956 98.1074956
Rumex bucephalophorus L. 3.8689904 3.8689904 65.0903349 80.1419408 3.8689904 128.381963 128.381963
Rumex pulcher L. 1.52639443 1.52639443 37.0759616 46.057433 1.52639443 75.05865 75.05865
Solarium nigrumh. -0.2575425 -0.2575425 10.8625651 13.9183902 -0.2575425 24 24
Theligonum cynocrambe L. -0.2575425 -0.2575425 10.8625651 13.9183902 -0.2575425 24 24
Tribulus terrestris L. -0.4643856 -0.4643856 0.31564129 0.67959756 -0.4643856 2 2
Urtica urens L. 0 1 1 1 1 1 1 1 1 1 15.509775 19.6514845 0 33.2192809 33.2192809
PFR 320.S 320.5 1923 2243.5 320.5 3205 3205
DIV 508.6474 508.6474 8022.767 9858.832 508.6474 15733.25 15733.25
Source: data reworked from Tab.5.1.24 and Formula 2
Biodynamic potential (PBD)
Accordingly, starting from the values given in Tab. 5.1.24 and Tab.6.4.3, it is possible to
outline the list of the values for PBD for olive groves (Tab.7.1.7).
Tab.7.1.7 Biodynamic Potential for relevant weed species in olive groves (PBD)
Species SEN Intensive-1 Conventional 
(bare soil)
Conventional
(vegetal
cover)
Ecological-l Intensive-2 Ecological-
2A
Ecological-
2B
Convolvulus arvensis 2 11.8 11.8 70.8 82.6 11.8 118 118
Rubusspp. 4 3.2 3.2 19.2 22.4 3.2 32 32
Tamus communis 3 5.4 5.4 32.4 37.8 5.4 54 12
Stellaria media (L.) Vil. 1 : | | g | | | | j | l j S I S H l l l i 12 14 2 20 20
Sonchus asper (L.) Hill 2 ■ l l l l l i ! S l l l l l l l l 12 14 2 20 20
Sonchus oleraceus L. 3 9.9 9.9 59.4 69.3 9.9 99 99
Capsella bursa-pastoris 
(L.) Medicus
1 1.2 1.2 7.2 8.4 1.2 12 12
Diplotaxis virgata 
(Cav.)DC.
2 13.4 13.4 80.4 93.8 13.4 134 134
Sinapis alba  L. 3 12.3 12.3 73.8 86.1 12.3 123 123
Papaver rhoeas L. 1 5.3 5.3 31.8 37.1 5.3 53 53
Galium divaricatum  Pourret 
ex Lam.
4 1.6 1.6 9.6 11.2 1.6 16 16
Galium murale (L.) All. 2 i l l l l l l l l l l l l l i l i i ! 24 28 4 40 40
Galium parisiense L. 3 9.9 9.9 59.4 69.3 9.9 99 99
Galium spurium  L. 2 i i s i i i i i i i i i i S l S S i S i l f i l 42 49 7 70 70
Galium tricornutum Dandy 3 21.3 21.3 127.8 149.1 21.3 213 213
Galium verrucosum  Hudson 5 S l l l l l l S I S l ■ i i i i i i s 30 35 5 50 50
Anagallis arvensis L. 3 12.3 12.3 73.8 86.1 12.3 123 123
Euphorbia exigua L. 3 8.1 8.1 48.6 56.7 8.1 81 81
Juncus bufonius L. 4 I l l l l l l l l l I l l l i l l B ! 24 28 4 40 40
Plantago afra L. 1 l l l l i l i i i l l i p i l l B l ! | I W | ® | | | | 1 | | | | | f j 1 10 10
Ranunculus arvensis L. 5 i i I l l i l l l l l l S l 66 77 11 110 110
PBD 151.7 151.7 910.2 1061.9 151.7 1517 1517
Source: data reworked from Tab.5.1.24, Tab.6.4.3 and formula 4
Starting from the results of the previous analysis, it is possible to outline the values of the
Vegetation Quality (Tab.7.1.8).
Tab 7.1.8 Vegetation Index of ecological Quality (VEQ) for olive groves
Intensive-! Conventional Conventional Ecological-l 
(bare soil) (vegetal cover)
Intensive-2 Ecological-2A Ecological-2B
BIO
DIV
PBD
0.1
508.647356
151.7
0.875 2.613 3.1 
508.647356 8022.76703 9858.83226 
151.7 910.2 1061.9
0.1
508.647356
151.7
4 4 
15733.2531 15733.2531 
1517 1517
VEQ 243.624207 243.701707 2953.21141 3595.09968 243.624207 5630.57593 5630.57593
Source: data reworked from Tab.7.1.5-6-7 and Formula 1
Faunistic index o f Ecological Quality (FEQ)
Index o f Faunistic Quality for Birds
DEN: breeding and wintering species 
The parameter DEN for bird species are given in Tab. 7.1.9.
Tab.7.1.9 Density (DEN) o f breeding and wintering bird species (individuals/I ha)
Intensive-1 Convent. Convent. Ecological-l Intensive 2 
(bare soil) (veg. cover)
Ecological- Ecological- 
2A 2B
DEN
(Breeding)
1.671 4.17 6.455 3.985 4.363 7.485 7.485
DEN
(Wintering)
5.2 5.6 5.7 4.24 5.8 8.0 8.0
DEN
Total
6.871 9.77 12.155 8.225 10.163 15.485 15.485
Source: data reworked from Tab. 5.1.26.2 and 5.1.29
SEN and PBD: breeding and wintering communities 
The parameter SEN are calculated for 10 hectare of sample observation in olive groves 
usually taken in sample observation(Formula 10); the values are listed in Tab.7.1.10 for 
breeding communities and Tab.7.1.11 for wintering community. Likely, the values of
PBD are calculated and listed in Tab.7.1.12 and 7.1.13 for breeding and wintering 
community respectively.
The values of Tab. 7.1.10-11-12-13 are then normalized by 1 ha of cropped area and by 
the 5 steps used in the evaluation (Formula 11). As a consequence, the values of SEN and 
PBD for birds are given for 1 ha of cropped area in fraction of units of maximum 
ecological quality (Tab.7.1.14).
Tab.7.1.10 Values of SEN for 10 ha of olive groves: breeding community
Intcns.-l Convent. Convent, 
(bare soil) (vegetal 
cover)
Ecolog.-1 Intens.-2 Ecolog.-
2A
Ecolog.-
2B
Oenanthe hispanica 0 0 SHBB 2.34 0 2.97 2.97
Sylvia conspicillata 0.52 i i i i i 0.2028 4.5656 0 27.84 27.84
Sylvia melanocephala iiiiiii 0 0 17.91 17.91
Athene noctua fill!!!lUBlili!|I|!!!ll|jgjllllillil 0 0.3 0.3
Emberiza calandra 0.99 BEES 0.3861 6.4584 0 47.76 47.76
Alectoris rufa 0.4 IIISIIBi 0.156 2.3816 0 1.98 1.98
Calandrella cinerea 2.01 0.7839 5.5536 0 0 0
Hippolais polyglotta 8.08 0.16 4.9192 18.2 0.08 3.96 3.96
Galerida cristata 6 0.414 6.9147 15.2256 0.207 0 0
Galerida theklae 0 0 liiiiSii 0 0 1.96 1.96
Acanthis cannabina 1.6 0.332 4.2926 4.0508 0.166 0 0
Bhurinus oedicnemus 0.18 0.312 0.0702 0.7488 0.351 0 0
Cercotrichas 3.4 3.072 1.326 6.968 3.456 4.32 4.32
galactotes 
Passer domesticus 0.12 0.624 2.1684 0.4992 0.582 0 0
Streptopelia turtur 1.32 7.264 27.0348 4.3368 6.672 1.72 1.72
Carduelis carduelis 1.86 3.036 3.1564 3.666 3.278 3.04 3.04
Upupa epops 0 2.592 0 0.7488 2.916 2.61 2.61
Lanius senator 1.83 5.046 3.6972 3.6816 5.508 22.38 22.38
Serinus serinus 7.6 27.56 54.678 14.066 28.08 4.96 4.96
Carduelis chloris 6.18 22.076 28.886 11.8092 23.338 14.92 14.92
Fringilla coelebs 0.6 3.822 6.6651 1.092 3.936 1.29 1.29
Sylvia hortensis 1.24 4.648 4.4616 2.2568 5.004 9.92 9.92
Parus major 0.66 7.916 3.926 1.2012 8.698 13.14 13.14
Parus caeruleus 0 0 illilllli:|11H1 0 4.95 4.95
Certhia brachydactyla 0 10.728 1.1492 0 12.004 3.96 3.96
Lullula arborea 0 0.864 l l l l l i i l l l l 0.972 4.76 4.76
Cuculus canorus 0 0.16 w m m BBBE 0.18 0.99 0.99
Aegitalus caudatus 0 0 m i® 0 0 5.96 5.96
Emberiza spp. 0 0 lllB li! 0 0 1.96 1.96
Sturnus unicolor 0 0 IIIIIIIII 0 0 2.4 2.4
Cyano pica 0 0 0 0 0 4.08 4.08
Total SEN 44.59 100.626 154.87 109.85 105.428 212.04 212.04
Source: data reworked from Tab.5.1.26.2, Tab. 6.4.6 and formula 10
Tab.7.1.11 Values of SEN for 10 ha olive groves: wintering community
Intens.-l Convent. Convent. Ecolog.-1 Intens.-2 Ecolog.-2A Ecolog.-2B
(bare soil) (vegetal
cover)
Emberiza calandra 1.82431894 2.3171135 1.99973422 1.48752159 2.03481728 2.80664452 2.80664452
Alectoris rufa 1.77940199: 2.26006335 1.95049834 1.45089701 1.98471761 2.73754153 2.73754153
Galerida cristata 0.38870432 0.49370316 0.42607973 0.31694352 0.43355482 0.59800664 0.59800664
Acanthis cannabina 2.05581395 2.61114116 2.25348837 1.67627907 2.29302326 3.1627907 3.1627907
Bhurinus oedicnemus 0.38870432 0.49370316 0.42607973 0.31694352 0.43355482 0.59800664 0.59800664
Carduelis carduelis 0.55282392 0.70215561 0.60598007 0.45076412 0.6166113 0.85049834 0.85049834
Upupa epops 0.05182724 0.06582709 0.05681063 0.04225914 0.05780731 0.07973422 0.07973422
Serinus serinus 3.98724252 5.0642973 4.37063123 3.25113621 4.44730897 6.13421927 6.13421927
Carduelis chloris 4.45368771 5.6567411 4.88192691 3.63146844 4.96757475 6.85182724 6.85182724
Fringilla coelebs 23.5865781 29.9579077 25.8545183 19.2321329 26.3081063 36.2870432 36.2870432
Parus major 1.3682392 1.73783512 1.49980066 1.1156412 1.52611296 2.10498339 2.10498339
Certhia brachydactyla 1.25767442 1.597404 1.37860465 1.02548837 1.4027907 1.93488372 1.93488372
Lullula arborea 0.13820598 0.1755389 0.15149502 0.11269103 0.15415282 0.21262458 0.21262458
Phylloscus collybita 7.39401993 9.39133122 8.10498339 6.0289701 8.24717608 11.3754153 11.3754153
Parus caeruleus 0.43189369 0.54855907 0.47342193 0.35215947 0.48172757 0.66445183 0.66445183
Regulus ignicapillus 2.05581395 2.61114116 2.25348837 1.67627907 2.29302326 3.1627907 3.1627907
Turdus iliacus 1.26803987 1.61056942 1.38996678 1.0339402 1.41435216 1.95083056 1.95083056
Sylvia atricapilla 14.3319601 18.2033841 15.7100332 11.6860598 15.9856478 22.0491694 22.0491694
Turdus viscivorus 0.04491694 0.05705014 0.04923588 0.03662458 0.05009967 0.06910299 0.06910299
Erithacus rubecula 0.08292359 0.10532334 0.09089701 0.06761462 0.09249169 0.12757475 0.12757475
Anthus pratensis 0.32478405 0.41251642 0.35601329 0,26482392 0.36225914 0.49966777 0.49966777
Turdus philomelos 15.4220598 19.5879472 16.9049502 12.5749103 17.2015282 23.7262458 23.7262458
Sylvia melanocephala 1.08318937 1.37578614 1.18734219 0.88321595 1.20817276 1.66644518 1.66644518
M otacilla alba 1.82950166 2.32369621 2.00541528 1.49174751 2.04059801 2.81461794 2.81461794
Sylvia undata 0.41980066 0.53319941 0.46016611 0.342299 0.4682392 0.64584718 0.64584718
Alauda arvensis 3.33076412 4.23048752 3.6510299 2.71585382 3.71508306 5.12425249 5.12425249
Sturnus unicolor 0.91906977 1.16733369 1.00744186 0.74939535 1.02511628 1.41395349 1.41395349
Passer domesticus 0.73594684 0.93474465 0.80671096 0.60007973 0.82086379 1.13222591 1.13222591
SEN Total 91.507907 116.226501 100.306744 74.6141395 102.066512 140.781395 140.781395
Source: data reworked from Tab.5.1.29, Tab. 6.4.6 and formula 10
Tab.7.1.12 Values of PBD for 10 ha of olive groves: breeding community
Intens.-l Convent. Convent. Ecolog.-1 Intens.-2 Ecolog.- Ecolog.-
(bare soil) (veg. cover) 2A 2B
Oenanthe hispanica 0 illllllllll l l l i l i i 1.56 0 1.98 1.98
Sylvia conspicillata 0.39 silSHlIi 0.1521 3.4242 0 20.88 20.88
Sylvia melanocephala 0 l l l l i l i i■■■■■■SI! 0 0 23.88 23.88
Athene noctua 0 0 0 0.4 0.4
Emberiza calandra 0.99 illllllli 0.3861 6.4584 0 47.76 47.76
Alectoris rufa 0.6 lllgg||iilB| 0.234 3.5724 0 2.97 2.97
Calandrella cinerea 2.01 11111B 0.7839 5.5536 0 0 0
Hippolais polyglotta 6.06 0.12 3.6894 13.65 0.06 2.97 2.97
Galerida cristata ill® ! 0.276 4.6098 10.1504 0.138 0 0
Galerida theklae 0 ISlSiilHi■■iiSlllli 0 0 1.47 1.47
Acanthis cannabina 1.6 0.332 4.2926 4.0508 0.166 0 0
Bhurinus oedicnemus 0.12 0.208 0.0468 0.4992 0.234 0 0
Cercotrichas 4.25 3.84 1.6575 8.71 4.32 5.4 5.4
galactotes
Passer domesticus 0.12 0.624 2.1684 0.4992 0.582 0 0
Streptopelia turtur 1.65 9.08 33.7935 5.421 8.34 2.15 2.15
Carduelis carduelis 2.79 4.554 4.7346 5.499 4.917 4.56 4.56
Upupa epops 0 1.728 0.4992 1.944 1.74 1.74
Lanius senator 3.05 8.41 6.162 6.136 9.18 37.3 37.3
Serinus serinus 11.4 41.34 82.017 21.099 42.12 7.44 7.44
Carduelis chloris 6.18 22.076 28.886 11.8092 23.338 14.92 14.92
Fringilla coelebs 0.6 3.822 6.6651 1.092 3.936 1.29 1.29
Sylvia hortensis 1.55 5.81 5.577 2.821 6.255 12.4 12.4
Parus major 0.99 11.874 5.889 1.8018 13.047 19.71 19.71
Parus caeruleus 0 s iiiiiiiiliiliilii 0 0 4.95 4.95
Certhia brachydactyla 0 13.41 1.4365 ISIIlIl 15.005 4.95 4.95
Lullula arborea 0 0.648 0 0.729 3.57 3.57
Cuculus canorus 0 0.32 IllllilSKI■H I 0.36 1.98 1.98
Aegitalus caudatus 0 IIIIIIIIIillllllli! 0 0 7.45 7.45
Emberiza spp. 0 i i ia ii iM i 0 0 1.47 1.47
Sturnus unicolor 0 iiiiiiiiiilllBlgj] 0 0 2.4 2.4
Cyano pica 0 flB H i 0 0 5.1 5.1
PBD Total 48.35 128.472 193.1813 114.3064 134.671 241.09 241.09
Source: data reworked from Tab.5.1.26.2, Tab. 6.4.6 and formula 10
Tab.7.1.13 Values of PBD for 10 ha olive groves: wintering community
Intens.-l Convent, 
(bare soil)
Convent, 
(veg. cover)
Ecolog.-1 Intens.-2 Ecolog.-2A Ecolog.-2B
Emberiza calandra 0 0 0 0 0 0 0
Alectoris rufa 10.1822452 12.9327265 11.1613073 8.30244611 11.3571197 15.6649927 15.6649927
Galerida cristata 6.62103067 8.40953806 7.25766824 5.39868655 7.38499575 10.186201 10.186201
Acanthis cannabina 1.44634165 1.83703501 1.58541296 1.17932473 1.61322723 2.225141 2.225141
Bhurinus oedicnemus 7.64954029 9.71587407 8.38507301 6.23731747 8.53217956 11.7685235 11.7685235
Carduelis carduelis 2.16951248 2.75555252 2.37811945 1.7689871 2.41984084 3.3377115 3.3377115
Upupa epops 2.05701924 2.61267202 2.25480955 1.67726184 2.29436761 3.16464498 3.16464498
Serinus serinus 0.28926833 0.367407 0.31708259 0.23586495 0.32264545 0.4450282 0.4450282
Carduelis chloris 14.8362513 18.8438969 16.2628139 12.097251 16.5481264 22.8250019 22.8250019
Fringilla coelebs 24;8577919 31.5725084 27.2479642 20.2686611 27.7259986 38.2427567 38.2427567
Parus m ajor 131.646017 167.206927 144.304288 107.342137 146.835942 202.532334 202.532334
Certhia brachydactyla 12.7278065 16.1659081 13.9516341 10.3780576 14.1963996 19.5812408 19.5812408
Lullula arborea 7.01957815 8.91574327 7.69453759 5.72365603 7.82952948 10.799351 10.799351
Phylloscus collybita 0.77138221 0.97975201 0.84555358 0.62897319 0.86038785 1.18674187 1.18674187
Parus caeruleus 68.7815808 87.3612207 75.3951943 56.0834428 76.717917 105.817817 105.817817
Regulus ignicapillus 4.0176157 5.10287504 4.4039249 3.27590203 4.48118674 6.18094723 6.18094723
Turdus iliacus 11.4743104 14.5738111 12.5776095 9.3559762 12.7982693 17.6527853 17.6527853
Sylvia atricapilla 4.71828788 5.99281645 5.1719694 3.84721935 5.26270571 7.25890443 7.25890443
Turdus viscivorus 53.3282238 67.7335221 58.4559376 43.4830132 59.4814803 82.0434212 82.0434212
Erithacus rubecula 0.33426563 0.4245592 0.36640655 0.27255505 0.37283474 0.51425481 0.51425481
Anthus pratensis 0.46282933 0.5878512 0.50733215 0.37738391 0.51623271 0.71204512 0.71204512
Turdus philomelos 1.2084988 1.53494481 1.32470061 0.98539133 1.34794097 1.85922893 1.85922893
Sylvia melanocephala 114.768817 145.77077 125.80428 93.5807278 128.011373 176.567411 176.567411
Motacilla alba 6.0457081 7.67880636 6.62702619 4.92957738 6.74328981 9.30108939 9.30108939
Sylvia undata 6.80744804 8.64631147 7.46201035 5.5506884 7.59292282 10.472997 10.472997
Alauda arvensis 2.34307348 2.97599672 2.568369 1.91050607 2.61342811 3.60472842 3.60472842
Sturnus unicolor 12.3935409 15.7413489 13.5852275 10.1055026 13.8235649 19.066986 19.066986
Passer domesticus 3.41979448 4.34356723 3.74862088 2.78844781 3.81438615 5.26122228 5.26122228
PBD Total 512.377779 650.783942 561.644874 417.784959 571.498293 788.273507 788.273507
Source: data reworked from Tab.5.1.29, Tab. 6.4.6 and formula 10
Tab.7.1.14 Values of SEN and PBD normalized to 1 ha of olive groves: overall bird 
community
Intensive-1 Convention. Convention. Ecological-l Intensive 2 Ecological- Ecological- 
(baresoil) (vegetal 2A 2B 
cover)
SEN Breeding 
SEN Wintering
0.89
1.83
2.01 3.10 
2.32 2.01
2.20
1.49
2.11
2.04
4.24
2.82
4.24
2.82
PBD Breeding 
PBD Wintering
0.97
10.25
2.57 3.86 
13.02 11.23
2.29
8.36
2.69
11.43
4.82
15.77
4.82
15.77
SEN
PBD
2.72
11.21
4.34 5.10 
15.59 15.10
3.69
10.64
4.15
14.12
7.06
20.59
7.06
20.59
Source: data reworked from Tab. 6.4.5.2-3-4-5 and formula 11
The values of IFQ for biords are given in Tab.7.15
Tab.7.1.15 Values of FEQ normalized to 1 ha of olive groves: overall bird 
community
Intensive-1 <Convention. Convent. Ecological-l Intensive 2 Ecological- Ecological- 
(bare soil) (veg.cover) 2A 2B
DEN
SEN
PBD
i i i i i i i i i
2.72
11.21
9.77 12.16 
4.34 5.10 
15.59 15.10
8.23
3.69
10.64
10.16
4.15
14.12
15.49
7.06
20.59
15.49
7.06
20.59
IFQ Breeding 
IFQ Wintering
7.25
41.43
17.92 27.34 
51.62 45.42
17.43
33.78
18.77
46.21
34.67
63.74
34.67
63.74
IFQ Birds 63.18 105.37 127.43 86.09 102.52 167.76 167.76
Source: data reworked from Tab.6.4.4, Tab.6.4.5.6 and formula 7
Index o f Faunistic Quality for Arthopods
Density (DEN)
The values of density (DEN) are given in individuals per hectare and by family in 
Tab.7.1.16.
Tab.7.1.16 Values of DEN for Arthropods for 1 ha of olive groves
Macroarthr. Coleoptera Hymenoptera Other insects Aracnida Total
Intensive-1/2 5107.5 13500 1675 900 21182.5
Conventional 1850 26850 1550 725 30975
(bare soil) 
Conventional 1450 41375 1475 1175 45475
(veg.cover)-
Ecolog.-l-
2A/B
microartr. 
(*10 exp 4)
Colembola Other insects Oribatida Mesostigmada Astigmada Other Acara Total
Intensive-1/2 74.1 57.625 412.1 67.6 342.475 266.325 1220.225
Conventional 45.525 63.525 269.4 27.35 33.65 210.3 649.75
(bare soil) 
Conventional 752.05 290.125 3764.25 310.8 14.275 1009.625 6141.125
(veg.cover) 
Ecolog.-1- 
2A/B
Source: data reworked from Tab.5.1.29
Biodvnamic Potential (PBD) 
The values for PBD are listed in Tab.7.1.17.
Tab.7.1.17 PBD for Arthopods families associated with 1 ha of olive groves
Macroarthropods (*10 exp 4)
Coleoptera Hymenopter Other insects Aracnida
Intensive-1/2 0.051 0.054 0.0034 0.009 0.117
Conventional 0.019 0.107 0.0031 0.007 0.136
(bare soil) 
Conventional 0.015 0.166 0.003 0.011 0.195
(veg.cover)-
Ecolog.-l-2A/B
Microarthropods (* 10 exp 4)
Colembola Other insects Oribatida Mesostigmada Astigmada Other Acara PBDmlcro
Intensive-1/2 74.1 57.625 82.42 54.08 68.5 53.27 389.99
Conventional 45.525 63.525 53.88 21.88 6.73 42.06 233.6
(bare soil) 
Conventional 752.05 290.125 752.85 248.64 2.855 201.925 2248.44
(veg.cover)-
Ecolog.-l-2A/B
Source: data reworked from Tab.6.4.6, Tab.6.4.7 and Formula 12.1-2
The overall values for FEQ for Macro and microarthropod are given in Tab.7.1.18.
Tab.7.1.18 Values of FEQ normalized to 1 ha of olive groves: Macro and 
microarthopod communities
M acroarthropods IFQ(* 10 exp 4)
Intensive-1/2 5.641
Conventional (bare soil) 7.185
Conventional (veg.cover) 10.3885
Ecolog. 1-2 A/B
microarthropods IFQ(*10 exp 4)
Intensive-1/2 2390.2
Conventional (bare soil) 1350.6
Conventional (veg.cover) 12886.5
Ecolog. 1-2A/B
Source: data reworked from Tab.6.4.8 and formula 9
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The overall value of the FEQ for Arthropod fauna is given in Tab.7.1.19.
Tab.7.1.19 Values of FEQ normalized to 1 ha of olive groves: overall arthopod fauna
Olive grove IFQ Arthropod (*10 eXp 4)
Intensive-1/2 29.25
Conventional (bare soil) 20.486
Conventional (veg.cover) 137.87
Ecolog.-1-2A/B
Source: data reworked from Tab.6.4.9 and Formula 9
Overall FEQ for Bird and Arthropod communities
The overall value of FEQ is given in Tab.7.1.20, where the weighted contribution of the 
value of FEQ calculated by each single fauna category is given as well.
Tab.7.1.20 Value of FEQ and weighted FEQ for bird and arthropod communities
FEQ
Intens.l Convent 
Bare soil
Convent.
Vegetal
cover
Ecol.l Intens.2 Ecol.2A Ecol.2B
B irds 63.18 105.37 127.43 86.09 102.43 167.76 167.8
Breeding 7.25 17.92 27.34 17.43 18.77 34.67 34.67
Wintering 41.43 51.62 45.42 33.78 46.21 63.7 63.74
A rthropods 29.25 20.49 137.9 137.9 29.25 137.9 137.9
Macroarthropods 5.6 7.19 10.39 10.39 5.6 10.39 10.39
microarthopods 2390.2 1350.6 12886.4 12886.4 2390.2 12886.4 12886.4
W eighted
FEQ(a)
B irds
Breeding 21.73 53.71 81.94 52.24 56.25 103.91 103.91
Wintering S iiil i i! 51.57 45.37 33.75 46.16 63.64 63.70
A rthropods
Macroarthropods 55,8 71.07 102.75 102.75 55.8 102.75 102.75
microarthopods 236.42 133.6 1274.61 1274.61 236.42 1274.61 1274.61
B irds & 
A rthropods
355.33 309.92 1504.7 1463.4 394.63 1544.96 1545.0
Source: data reworked from Tab.7.1.8-9-14-15-16-17-18-19 and by Formulas 5; (a) reworked by 
Formula 10.
Tab.7.2 Vegetation index of Ecological Quality (VEQ) per hectare of olive crop
Intensive 1 Convent Convent Ecological 1 Intensive 2 Ecol.-2A 
(bare soil) (veg.cover)
Ecol.-2B
VEQ 243.624207 243.701707 2953.21141 3595.09968 243.624207 5630.57593 5630.6
Source: data reworked from Tab.7.1.8
Tab.7.3 Fauna index of Ecological Quality (FEQ) per hectare of olive crop
Intensive 1 Convent Convent Ecological 1 Intensive 2 Ecol.-2A 
(bare soil) (veg.cover)
Ecol.-2B
FEQ 355.33 309.92 1504.67 1463.37 394.63 1544.96 1545.0
Source: data reworked from Tab.7.1.20
Tab.7.4 Biotic Resources (BR) per hectare of olive crop
Intensive 1 Convent Convent Ecological 1 Intensive 2 Ecol.-2A 
(bare soil) (veg.cover)
Ecol.-2B
BR 598.96 553.62 4457.88 5058.47 638.25 7175.53 7175.60
Source: data reworked from Tab.7.2, Tab.7.3 and text
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LANDSCAPE
Tab.7.1.5 Landscape Diversity (LD) and Landscape Connectivity (LC) for olive 
production systems
Intens.l Convent, 
(bare soil)
Convent.
(veg.cov.)
Ecological 1 Intensive 2 Ecolog.-2A Ecolog.-2B
Habitat
type
Olive l l l l l l l l l i i i i i i i i i i i i j i i l i i i i l l l l l l l l l l l l l ; : 2 2 2
Hedge l l l l l l l l l l j i i i i s i i i ® l l i l l l S i l i i l l l l l l l l l 0 4 4
Wood 0 ■ i i i i i i i i i l l l i l i l l l f t l l l l l l l p l l l 1 1 2
Hab I l l l B S I I l S ■ ■ l i l B i i i i i i a i a l 3 7 8
Links I l S i s i i ! i i i i i i i i i i l i S l l I l l l l i l a i i i i i B i a i 2 9 11
LD 0 0 j l l l l l l l l 2.7548875 2.7548875 9.6514844 12
LC 0 0 0 0 0.3333333 0.3636364
Source: data reworked from Tab.5.1.31 and formulas 13 and 14.
POLLUTION
Tab.7.6.1 Emissions per Functional Unit to the Background System
Emiss. (kg/FU) Intensive 1 Conventional Ecological-l Intensive 2 Ecological-2A Ecological-2B
Air
Particles 0.32917485 11.283557 0.29149044 2.30181376 1.49899319 2.51919269
S02 1.26952739 107.755114 0.89655553 8.78817848 9.46679033 10.3119668
NOx 0.31027079 29.199801 2.29902829 21.7567184 7.11726893 8.82038093
N20 0.61843886 0.9424906 0.000996 3.99915803 0.01255551 0.01255551
CO 1.17250408 6.78506664 1.08063911 8.30727751 2.54264708 3.78348758
VOCs 0.87862418 19.1324351 0.74061477 6.24192354 2.92552451 3.16444451
Benzo(a)pyren 8.4378E-08 1.3466E-05 3.927E-08 6.5338E-07 6.2013E-07 6.2013E-07
n h 3 0.50115518 0.66243412 0.01678822 3.23842004 0.00150786 0.50208036
C02 325.055207 10839.8026 179.744529 2506.39968 1188.07945 1345.54766
ch4 0.49652221 18.4722052 0.24175417 4.78311345 1.93776609 2.12605059
HC1 0.00604018 0.70957839 0.00293889 0.0377527 0.06757724 0.07280924
Hg 1.6018E-06 0.00014549 4.4554E-05 1.3671E-05 1.1523E-05 0.00133152
Vanadium 0.00191737 0.21142771 0.00134604 0.0123984 0.01612512 0.01612512
P20 5 0.00177264 0.00302632 0.00138 0.01238223 0.0115 0.0115
HF 0.0017341 0.00296053 0.00135 0.01211306 0.01125 0.01125
Water
TSS 0.00646857 0.61279311 0.0158006 0.04428345 0.06652017 0.44992317
BOD 0.00023481 0.00517899 0.0005921 0.00163439 0.00077187 0.01256787
COD 0.0072138 0.10238269 0.00643747 0.05009859 0.02079368 0.02594768
Oil 0.05786039 2.08303827 0.04700212 0.40790357 0.2332863 0.2710203
Arom.hydrocar. 0.00351707 0.12820491 0.00278705 0.02483554 0.01435109 0.01435109
n h 3 0.00548184 0.12503548 0.00472723 0.03802698 0.01868096 0.02224496
Fluorides 0.64365543 1.1051177 0.50107072 4.49610606 4.17568795 4.17575245
Sulphates 0.18630655 16.8499508 0.10350361 1.20565689 1.80687039 1.90786539
Nitrates 0.01063085 5.93466553 8.86626005 0.06938783 0.01079491 265.948063
Chlorides 1.73339003 69.6439023 1.41627883 11.931916 7.80083446 8.90525296
Ions Na 0.97150588 33.4252563 0.79897819 6.67541943 3.97410299 3.97410299
Ions Fe 0.01952723 2.21256137 0.0090641 0.12089208 0.23261818 0.24272368
Zn 0.00017119 0.01590598 8.9438E-05 0.00114001 0.00164782 0.00172882
Phosphates 0.39771698 0.76281086 0.30938028 2.77762433 2.58379715 2.58420665
As 3.8536E-05 6.5789E-05 0.00003 0.00026918 0.00025 0.00025
Cd 3.8536E-05 6.5789E-05 0.00003 0.00026918 0.00025 0.00025
Cu 0.00019268 0.00032895 0.00015 0.0013459 0.00125 0.00125
Cr 0.00019268 0.00032895 0.00015 0.0013459 0.00125 0.00125
Hg 3.6609E-05 0.0000625 0.0000285 0.00025572 0.0002375 0.0002375
Ni 0.00015414 0.00026316 0.00012 0.00107672 0.001 0.001
Zn 0.00023121 0.00039474 0.00018 0.00161507 0.0015 0.0015
Pb2+ and Pb5+ 0.0001657 0.00028289 0.000129 0.00115747 0.001075 0.001075
Gypsum 28.9017341 49.3421053 - 22.5 201.884253 187.5 187.5
Soil
Landfill 11.5626681 680.14159 7.218967 85.9009397 73.9825853 81.1119458
Source: data reworked from Tab. 5.2.3 and Tab.7.1
Tab.7.6.2 Emissions per Functional Unit to the Foreground System
Emissions
(kg/FU)
Intensive-1 Convent. Convent. Ecological-1 
(bare soil) (veg. cover)
Intensive-2 Ecolog.-2A Ecolog.-2B
Air
n h 3 13.6319846 7.73026316 7.73026316 1.375 28.6002692 10 10
n 2o 1.26300578 1.10197368 1.10197368 0.325 4.39434724 3.5 3.5
NOx 0.12630058 0.11019737 0.11019737 0.0325 0.43943472 0.35 0.35
C02 0.30578035 0.09440789 0.09440789 -6.875 2.1359354 -52.5 -52.5
ch4 0.19267823 0.32894737 0.32894737 0.25 1.34589502 1.25 1.25
Water
As 5.5125E-07 9.921 IE-07 4.9605E-08 3.5625E-09 9.8546E-06 3.7275E-08 3.7275E-08
Cd 7.4982E-05 1.7426E-05 8.7132E-07 8.3083E-08 0.00014077 1.0638E-06 1.0638E-06
Co 2.6782E-06 3.421 IE-06 1.7105E-07 1.05E-08 4.8183E-05 9.75E-08 9.75E-08
Cr 5.2293E-05 8.8618E-05 4.4309E-06 3.99E-07 0.00074132 4.9538E-06 4.9538E-06
Cu 0.00595769 5.5625E-05 2.7813E-06 7.3113E-07 0.000214 1.2544E-05 1.2544E-05
Fe 4.5164E-05 1.3289E-05 6.6447E-07 5.175E-08 0.00065787 5.2875E-07 5.2875E-07
Hg 1.5125E-08 2.1053E-08 1.0526E-09 7.05E-11 2.6514E-07 7.125E-10 7.125E-10
Mo 7.948E-07 1.398E-06 6.9901E-08 5.7375E-09 1.245E-05 6.75E-08 6.75E-08
Ni 1.3106E-05 1.7276E-05 8.6382E-07 7.3875E-08 0.00019386 8.88E-07 8.88E-07
Pb 0.00142294 0.00001125 5.625E-07 1.5988E-07 4.3742E-05 2.6306E-06 2.6306E-06
Se 7.1773E-07 1.2664E-06 6.3322E-08 5.1375E-09 1.1373E-05 0.00000006 0.00000006
Sn 8.0925E-07 3.3553E-06 1.6776E-07 3.75E-09 2.7456E-05 0.00000003 0.00000003
Zn 0.02585823 0.00030533 1.5266E-05 3.4685E-06 0.00151063 5.7986E-05 5.7986E-05
Nitrates 5.79768786 9.53947368 6.71052632 3.25 26.9179004 23.75 23.75
Soil
As 5.4574E-05 9.8218E-05 9.9161E-05 3.5621E-05 0.00048288 0.00024846 0.00024846
Cd 0.00742323 0.00172521 0.00174176 0.00083074 0.00689785 0.00709094 0.00709094
Co 0.00026514 0.00033868 0.00034193 0.00010499 0.00236097 0.0006499 0.0006499
Cr 0.00517699 0.00877322 0.00885741 0.0039896 0.03632463 0.03302005 0.03302005
Cu 0.5898111 0.00550688 0.00555972 0.00731052 0.01048587 0.08361246 0.08361246
Fe 0.00447121 0.00131566 0.00132828 0.00051745 0.0322358 0.00352447 0.00352447
Hg 1.4974E-06 2.0842E-06 2.1042E-06 7.0493E-07 1.2992E-05 4.7493E-06 4.7493E-06
Mo 7.8685E-05 0.0001384 0.00013973 5.7369E-05 0.00061003 0.00044993 0.00044993
Ni 0.00129749 0.00171036 0.00172677 0.00073868 0.00949927 0.00591911 0.00591911
Pb 0.1408709 0.00111375 0.00112444 0.00159859 0.00214334 0.01753487 0.01753487
Se 7.1055E-05 0.00012538 0.00012658 5.137E-05 0.00055727 0.00039994 0.00039994
Sn 8.0116E-05 0.00033217 0.00033536 3.7496E-05 0.00134536 0.00019997 0.00019997
Zn 2.55996451 0.03022757 0.03051763 0.03468153 0.074021 0.38651701 0.38651701
Phosphates 0.77071291 1.64473684 0.82236842 i l i l l l i 10.7671602 0 0
K 0 0 1 1 1 1 1 1 1 i l l i i l i l l l l ! 0 0 0
Soil loss 19267.8227 32894.7368 1644.73684 250 269179.004 1875 1875
(kg/FU/year)
Source: data reworked from Tab. 5.2.4 and Tab.7.1
GREENHOUSE EFFECT
Tab.7.7 Greenhouse Effect (GE) associated with the emissions coming from the 
Background (BS) and Foreground (FS) Systems
Emissions Intensive-1 Convent Convent Ecological-1 Intensive-2 Ecological- Ecological-
(kg/FU) (bare soil) (veg. cover) 2A 2B
BS
Air
N20 0.61843886 0.9424906 0.9424906 0.000996 3.99915803 0.01255551 0.01255551
c o 2 325.055207 10839.8026 10839.8026 179744529 2506.39968 1188.07945 1345.54766
CH, 0.49652221 18.4722052 18.4722052 0.24175417 4.78311345 1.93776609 2.12605059
CO 1.17250408 6.78506664 6.78506664 1.08063911 8.30727751 2.54264708 3.78348758
FS
Air
n 2o 1.26300578 1 10197368 1.10197368 0.325 4.39434724 3.5 3.5
c o 2 0.30578035 0.09440789 009440789 -6.875 2.1359354 -52.5 -52.5
CH4 0.19267823 0.32894737 0.32894737 0.25 1.34589502 1.25 1.25
BS plus FS
Air
n 2o 1.88144464 2.04446429 2.04446429 0.325996 8.39350528 3.51255551 3.51255551
c o 2 325.360987 10839.897 10839.897 172.869529 2508.53561 1135.57945 1293.04766
CH4 0.68920044 18.8011526 18.8011526 0.49175417 6.12900847 3.18776609 3.37605059
CO 1.17250408 6.78506664 6.78506664 1.08063911 8.30727751 2.54264708 3.78348758
GE 20 913.710359 12598.4631 12598.4631 297.897129 5322.65067 2351.86205 2521.00389
GE 100 944.308682 11954.7538 11954.7538 289.236227 5344.61801 2337.69749 2499.77866
GE 500 669.190025 11348.9093 11348.9093 235.236966 4065.33413 1791.74769 1950.62803
Indirect + +++++++++ +++++++++ + -i 1 » « » » 1 TTTTTTT ++ +++
• -i i j. • . TTT • +++ .
Source: data reworked from Tab.6.5 and Tab. 7.6.1-2
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Tab.7.8 Acidification (AC) associated with the emissions of the Background (BS) 
and Foreground (FS) Systems
Emissions
(kg/FU)
Intensive-! Convent, 
(bare soil)
Convent
(veg.cover)
Ecological-1 Intensive-2 Ecological-
2A
Ecological-
2B
BS
Air
s o 2
NOx
nh3
HC1
Fluorides
1.26952739
0.31027079
0.50115518
0.00604018
0.0017341
107.755114
29.199801
0.66243412
0.70957839
0.00296053
107.755114
29.199801
0.66243412
0.70957839
0.00296053
0.89655553
2.29902829
0.01678822
0.00293889
000135
8.78817848
21.7567184
3.23842004
0.0377527
0.01211306
9.46679033
7.11726893
0.00150786
0.06757724
0.01125
10.3119668
8.82038093
0.50208036
0.07280924
0.01125
Water
Fluorides
Sulphates
Nitrates
Chlorides
0 64365543 
0.18630655 
0.01063085 
1.73339003
1.1051177
16.8499508
5.93466553
69.6439023
1.1051177
16.8499508
5.93466553
69.6439023
0:50107072
0.10350361
8.86626005
1.41627883
4.49610606
1.20565689
0.06938783
11.931916
4.17568795
1.80687039
0.01079491
7.80083446
4.17575245
1.90786539
265.948063
8.90525296
FS
Air
nh3
NOx
13.6319846
0.12630058
7.73026316 
011019737
7.73026316
0.11019737
1.375
0.0325
28.6002692
0.43943472
10
0.35
10
0.35
Water
Nitrates 5.79768786 9.53947368 6.71052632 3.25 26.9179004 23.75 23.75
BS plus FS 
A ir 
S02 
NO*
n h3
HC1
Fluorides
1.26952739
0,43657137
14.1331398
0.00604018
0.0017341
107.755114
29.3099984
839269728
070957839
0.00296053
107.755114
29.3099984
8.39269728
0.70957839
0.00296053
0.89655553
2.33152829
1.39178822
0.00293889
0.00135
8.78817848
22.1961532
31.8386892
0.0377527
0.01211306
9.46679033
7.46726893
10.0015079
0.06757724
0.01125
10.3119668
9.17038093
10.5020804
0.07280924
0.01125
Water
Fluorides
Sulphates
Nitrates
Chlorides
0.64365543
0.18630655
5.80831871
1.73339003
1.1051177
16.8499508
15.4741392
69.6439023
1.1051177
16.8499508
12.6451918
69.6439023
0.50107072
0.10350361
.12.1162601
1.41627883
4.49610606
1.20565689
26.9872882
11.931916
4.17568795
1.80687039
23.7607949
7.80083446
4.17575245
1.90786539
289.698063
8.90525296
AC
Minimum
Maximum
3.95767462 182.728569 
33.8670002 227.949691
182.728569
226.478639
3.01868768
13.6377204
27.3424276
117.435745
24.3006965
60.9102509
26.1901353
203.271417
Source: data reworked from Tab.6.6 and Tab. 7.6.1-2
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PHOTOCHEMICAL SMOG
Tab.7.9 Photochemical Smog (PS) from emissions of the Background (BS) and
Foreground (FS) Systems
Emissions
(kg/FU)
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 
(bare soil) (vegetal 
cover)
Ecological-
2A
Ecological-
2B
BS
Air
CO
VOCs
ch4
NOx
1.17250408
0.87862418
0.49652221
0.31027079
6.78506664
19.1324351
18.4722052
29.199801
6.78506664
19.1324351
18.4722052
29.199801
1.08063911
0.74061477
0.24175417
2.29902829
8.30727751
6.24192354
4.78311345
21.7567184
2.54264708
2.92552451
1.93776609
7.11726893
3.78348758
3.16444451
2.12605059
8.82038093
FS
Air
ch4
NOx
0.19267823
0.12630058
0.32894737 
0.11019737
0.32894737 
0.11019737
0.25
0.0325
1.34589502
0.43943472
1.25
0.35
1.25
0.35
BS plus FS 
Air 
CO 
VOCs
ch4
NOx
1.17250408
0.87862418
0.68920044
0.43657137
6.78506664
19.1324351
18.8011526
29.3099984
6.78506664
19.1324351
18.8011526
29.3099984
1.08063911
0.74061477
0.49175417
2.33152829
8.30727751
6.24192354
6.12900847
22.1961532
2.54264708
2.92552451
3.18776609
7.46726893
3.78348758
3.16444451
3.37605059
9.17038093
PS
Minimum
Maximum
0.20885185
0.7695969
3.94794697
16.1222529
3.94794697
16.1222529
0.17900033
0.64972939
1.48300797
5.50345826
0.65184199
2.53483295
0.73813828
2.78101219
NOx
(kg/FU)
0.43657137 29.3099984 29.3099984 2.33152829 22.1961532 7.46726893 9.17038093
Source: data reworked from Tab.6.7 and Tab. 7.6.1-2
EUTROPHICATION
Tab.7.10 Eutrophication (EU) from emissions of the Background (BS) and
Foreground (FS) Systems
Emissions
(kg/FU)
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 
(bare soil) (vegetal 
cover)
Ecological-
2A
Ecological-
2B
BS
Air
NOx 0.31027079 29.199801 29.199801 2.29902829 21.7567184 7.11726893 8.82038093
P20 5 0.00177264 0.00302632 0.00302632 0.00138 0.01238223 0.0115 0.0115
n 2o 0.61843886 0.9424906 0.9424906 0.000996 3.99915803 0.01255551 0.01255551
Water
Nitrates 0.01063085 5.93466553 5.93466553 8.86626005 0.06938783 0.01079491 265.948063
Phosphates 0.39771698 0.76281086 0.76281086 0.30938028 2.77762433 2.58379715 2.58420665
n h 3 0.00548184 0.12503548 0.12503548 0.00472723 0.03802698 0.01868096 0.02224496
COD 0.0072138 0.10238269 0.10238269 0,00643747 0.05009859 0.02079368 0.02594768
FS
Air
NOx 0.12630058 0.11019737 0.11019737 0.0325 0.43943472 0.35 0.35
N20 1.26300578 1.10197368 1.10197368 0.325 4.39434724 3.5 3.5
Water
Nitrates 5.79768786 9.53947368 6.71052632 3.25 26.9179004 23.75 23.75
BS plus FS 
Air
NOx 0.43657137 29.3099984 29.3099984 2.33152829 22.1961532 7.46726893 9.17038093
P20 5 0.00177264 0.00302632 0.00302632 0:00138 0.01238223 0.0115 0.0115
n 2o 1.88144464 2.04446429 2.04446429 0.325996 8.39350528 3.51255551 3.51255551
Water
Nitrates 5.80831871 15.4741392 12.6451918 12.1162601 26.9872882 23.7607949 289.698063
Phosphates 0.39771698 0.76281086 0.76281086 0.30938028 2.77762433 2.58379715 2.58420665
n h 3 0.00548184 0.12503548 0.12503548 0.00472723 0.03802698 0.01868096 0.02224496
COD 0.0072138 0.10238269 0.10238269 0.00643747 0.05009859 0.02079368 0.02594768
EU
N-limited 1.2023474 5.92115966 5.6665544 1.50284237 8.09786367 4.274982 28.4320302
P-Iimited 0.40025102 0.76911854 0.76911854 0.3113711 2.7953187 2.59966461 2.6001875
Source: data reworked from Tab.6.8 and Tab. 7.6.1-2
HUMAN TOXICITY AND ECOTOXICITY
Tab.7.11.1 Relevant emissions of the Background (BS) and Foreground (FS) 
Systems for Human Toxicity (HT) and Ecological Toxicity (ET): Air
Intensive-1 Convention. Convention. Ecological-1 
(bare soil) (veg.cover)
Intensive-2 Ecological - 
2A
Ecological-
2B
BS
Air
Vanadium 0.00191737 0.21142771 0.21142771 0.00134604 0.0123984 0.01612512 0.01612512
Benzo(a) 8.4378E-08 1.3466E-05 1.3466E-05 3.927E-08 6.5338E-07 6.2013E-07 6.2013E-07
pyren
NMVOC 0.87862418 19.1324351 19.1324351 0.74061477 6.24192354 2.92552451 3.16444451
CO 1.17250408 6.78506664 6.78506664 1.08063911 8.30727751 2.54264708 3.78348758
Particles 0.32917485 11.283557 11.283557 0.29149044 2.30181376 1.49899319 2.51919269
HC1 0.00604018 0.70957839 0.70957839 0.00293889 0.0377527 0.06757724 0.07280924
HF 0.0017341 0.00296053 0.00296053 0.00135 0.01211306 0.01125 0.01125
n h 3 0.50115518 0.66243412 0.66243412 0.01678822 3.23842004 0.00150786 0.50208036
NOx 0.31027079 29.199801 29.199801 2.29902829 21.7567184 7.11726893 8.82038093
S02 1.26952739 107.755114 107.755114 0.89655553 8.78817848 9.46679033 10.3119668
From water
Aromatic
hydrocharb.
0.00351707 0.12820491 0.12820491 0.00278705 0.02483554 0.01435109 0.01435109
FS
Air
n h 3 13.6319846 7.73026316 7.73026316 1.375 28.6002692 10 10
NOx 0.12630058 0.11019737 0.11019737 0.0325 0.43943472 0.35 0.35
BS plus FS 
Air
Vanadium 0.00191737 0.21142771 0.21142771 0.00134604 0.0123984 0.01612512 0.01612512
Benzo(a) 8.4378E-08 1.3466E-05 1.3466E-05 3.927E-08 6.5338E-07 6.2013E-07 6.2013E-07
pyren
NMVOC 0.87862418 19.1324351 19.1324351 0.74061477 6.24192354 2.92552451 3.16444451
CO 1.17250408 6.78506664 6.78506664 1.08063911 8.30727751 2.54264708 3.78348758
Particles 0.32917485 11.283557 11.283557 0.29149044 2.30181376 1.49899319 2.51919269
HC1 0.00604018 0.70957839 0.70957839 0.00293889 0.0377527 0.06757724 0.07280924
HF 0.0017341 0.00296053 0.00296053 0.00135 0.01211306 0.01125 0.01125
n h 3 14.1331398 8.39269728 8.39269728 1.39178822 31.8386892 10.0015079 10.5020804
NOx 0.43657137 29.3099984 29.3099984 2.33152829 22.1961532 7.46726893 9.17038093
S02 1.26952739 107.755114 107.755114 0.89655553 8.78817848 9.46679033 10.3119668
From water
Arom.hydroc. 0.00351707 0.12820491 0.12820491 0.00278705 0.02483554 0.01435109 0.01435109
Source: data reworked from Tab.6.1 and Tab. 7.6.1-2
Tab.7.11.2 Relevant emissions of the Background (BS) and Foreground (FS)
Systems for Human Toxicity (HT) and Ecological Toxicity (ET): Water
Intensive-1 Convention. Convention. Ecological- Intensive-2 Ecological - Ecological- 
____________  (bare soil) (veg.cover)_________ 1  2A________ 2B
bs
Water
TSS 0.00646857 0.61279311 0.61279311 0.0158006 0.04428345 0.06652017 0.44992317
BOD 0.00023481 0.00517899 0.00517899 0.0005921 0.00163439 0.00077187 0.01256787
COD 0.0072138 0.10238269 0.10238269 0.00643747 0.05009859 0.02079368 0.02594768
Oil 0.05786039 2.08303827 2.08303827 0.04700212 0.40790357 0.2332863 0.2710203
Aromatic 0.00351707 0.12820491 0.12820491 0,00278705 0.02483554 0.01435109 0.01435109
hydrocarb
n h 3 0.00548184 0.12503548 0.12503548 0.00472723 0.03802698 0.01868096 0.02224496
Fluorides 0.64365543 1.1051177 1.1051177 0.50107072 4.49610606 4.17568795 4.17575245
Sulphates 0.18630655 16.8499508 16.8499508 0.10350361 1.20565689 1.80687039 1.90786539
Nitrates 0.01063085 5.93466553 5.93466553 8.86626005 0.06938783 0.01079491 265.948063
Chlorides 1.73339003 69.6439023 69.6439023 1.41627883 11.931916 7.80083446 8.90525296
Ions Na 0.97150588 33.4252563 33.4252563 0.79897819 6.67541943 3.97410299 3.97410299
Ions Fe 0.01952723 2.21256137 2.21256137 0.0090641 0.12089208 0.23261818 0.24272368
Zn 0.00017119 0.01590598 0.01590598 8.9438E-05 0.00114001 0.00164782 0.00172882
Phosphates 0.39771698 0.76281086 0.76281086 0.30938028 2.77762433 2.58379715 2.58420665
As 3.8536E-05 6.5789E-05 6.5789E-05 0.00003 0.00026918 0.00025 0.00025
Cd 3.8536E-05 6.5789E-05 6.5789E-05 0.00003 0.00026918 0.00025 0.00025
Cu 0.00019268 0.00032895 0.00032895 0.00015 0.0013459 0.00125 0.00125
Cr 0.00019268 0.00032895 0.00032895 0.00015 0.0013459 0.00125 0.00125
Hg 3.6609E-05 0.0000625 0.0000625 0.0000285 0.00025572 0.0002375 0.0002375
Ni 0.00015414 0.00026316 0.00026316 0.00012 0.00107672 0.001 0.001
Zn 0.00023121 0.00039474 0.00039474 0.00018 0.00161507 0.0015 0.0015
Pb2+ and
Pb5+
Gypsum
0.0001657 0.00028289 0.00028289 0.000129 0.00115747 0.001075 0.001075
28.9017341 49.3421053 49.3421053 22.5 201.884253 187.5 187.5
FS
Water
As 5.5125E-07 9.921 IE-07 4.9605E-08 3.5625E-09 9.8546E-06 3.7275E-08 3.7275E-08
Cd 7.4982E-05 1.7426E-05 8.7132E-07 8.3083E-08 0.00014077 1.0638E-06 1.0638E-06
Co 2.6782E-06 3.421 IE-06 1.7105E-07 1.05E-08 4.8183E-05 9.75E-08 9.75E-08
Cr 5.2293E-05 8.8618E-05 4.4309E-06 3.99E-07 0.00074132 4.9538E-06 4.9538E-06
Cu 0.00595769 5.5625E-05 2.7813E-06 7.3113E-07 0.000214 1.2544E-05 1.2544E-05
Fe 4.5164E-05 1.3289E-05 6.6447E-07 5.175E-08 0.00065787 5.2875E-07 5.2875E-07
Hg 1.5125E-08 2.1053E-08 1.0526E-09 7.05E-11 2.6514E-07 7.125E-10 7.125E-10
Mo 7.948E-07 1.398E-06 6.9901E-08 5.7375E-09 1.245E-05 6.75E-08 6.75E-08
Ni 1.3106E-05 1.7276E-05 8.6382E-07 7.3875E-08 0.00019386 8.88E-07 8.88E-07
Pb 0.00142294 0.00001125 5.625E-07 1.5988E-07 4.3742E-05 2.6306E-06 2.6306E-06
Se 7.1773E-07 1.2664E-06 6.3322E-08 5.1375E-09 1.1373E-05 0.00000006 0.00000006
Sn 8.0925E-07 3.3553E-06 1.6776E-07 3.75E-09 2.7456E-05 0.00000003 0.00000003
Zn 0.02585823 0.00030533 1.5266E-05 3.4685E-06 0.00151063 5.7986E-05 5.7986E-05
Nitrates 5.79768786 9.53947368 6.71052632
BS plus FS
Water
TSS 0.00646857 0.61279311 0.61279311
BOD 0.00023481 0.00517899 0.00517899
COD 0.0072138 0.10238269 0.10238269
Oil 0.05786039 2.08303827 2.08303827
Aromatic 0.00351707 0.12820491 0.12820491
hydrocarb.
n h 3 0.00548184 0.12503548 0.12503548
Fluorides 0.64365543 1.1051177 1.1051177
Sulphates 0.18630655 16.8499508 16.8499508
Nitrates 5.80831871 15.4741392 12.6451918
Chlorides 1.73339003 69.6439023 69.6439023
Ions Na 0.97150588 33.4252563 33.4252563
Phosphates 0.39771698 0.76281086 0.76281086
As 3.9087E-05 6.6782E-05 6.5839E-05
Cd 0.00011352 8.3216E-05 6.666 IE-05
Co 2.6782E-06 3.421 IE-06 1.7105E 07
Cr 0.00024497 0.00041757 0.00033338
Cu 0.00615037 0.00038457 0.00033173
Fe 0.01957239 2.21257466 2.21256203
Hg 3.6624E-05 6.2521E-05 6.2501E-05
Mo 7.948E-07 1.398E-06 6.9901E-08
Ni 0.00016725 0.00028043 0.00026402
Pb 0.00158864 0.00029414 0.00028346
Se 7.1773E-07 1.2664E-06 6.3322E-08
Sn 8.0925E-07 3.3553E-06 1.6776E-07
Zn 0.02608944 0.00070007 0.00041
Gypsum 28.9017341 49.3421053 49.3421053
3.25 26.9179004 23.75 23.75
0.0158006 0.04428345 0.06652017 0.44992317
0.0005921 0.00163439 0.00077187 0.01256787
0.00643747 0.05009859 0.02079368 0.02594768
0.04700212 0.40790357 0.2332863 0.2710203
0.00278705 0.02483554 0.01435109 0.01435109
0.00472723 0.03802698 0.01868096 0.02224496
0.50107072 4.49610606 4.17568795 4.17575245
0.10350361 1.20565689 1.80687039 1.90786539
12.1162601 26.9872882 23.7607949 289.698063
1.41627883 11.931916 7.80083446 8.90525296
0.79897819 6.67541943 3.97410299 3.97410299
0.30938028 2.77762433 2.58379715 2.58420665
3.0004E-05 0.00027903 0.00025004 0.00025004
3.0083E-05 0.00040995 0.00025106 0.00025106
1.05E-08 4.8183E-05 9.75E-08 9.75E-08
0.0001504 0.00208721 0.00125495 0.00125495
0.00015073 0.00155989 0.00126254 0.00126254
0.00906415 0.12154995 0.23261871 0.24272421
2.85E-05 0.00025599 0.0002375 0.0002375
5.7375E-09 1.245E-05 6.75E-08 6.75E-08
0.00012007 0.00127058 0.00100089 0.00100089
0.00012916 0.00120121 0.00107763 0.00107763
5.1375E-09 1.1373E-05 0.00000006 0.00000006
3.75E-09 2.7456E-05 0.00000003 0.00000003
0.00018347 0.00312571 0.00155799 0.00155799
22.5 201.884253 187.5 187.5
Source: data reworked from Tab.6.2 and Tab. 7.6.1-2
Tab.7.11.3 Relevant emissions of the Background (BS) and Foreground (FS)
Systems for Human Toxicity (HT) and Ecological Toxicity (ET): Soil
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 Ecological- Ecological- 
__________ (bare soil) (veg.cover)______________________  2A________2B_______
BS
From Air
Hg 1.6018E-06 0.00014549 0.00014549
FS
Soil
As 5.4574E-05 9.8218E-05 9.9161E-05
Cd 0.00742323 0.00172521 0.00174176
Co 0.00026514 0.00033868 0.00034193
Cr 0.00517699 0.00877322 0.00885741
Cu 0.5898111 0.00550688 0.00555972
Fe 0.00447121 0.00131566 0.00132828
Hg 1.4974E-06 2.0842E-06 2.1042E-06
Mo 7.8685E-05 0.0001384 0.00013973
Ni 0.00129749 0.00171036 0.00172677
Pb 0.1408709 0.00111375 0.00112444
Se 7.1055E-05 0.00012538 0.00012658
Sn 8.0116E-05 0.00033217 0.00033536
Zn 2.55996451 0.03022757 0.03051763
From Water
Co 2.6782E-06 3.421 IE-06 1.7105E-07
Mo 7.948E-07 1.398E-06 6.9901E-08
Se 7.1773E-07 1.2664E-06 6.3322E-08
Sn 8.0925E-07 3.3553E-06 1.6776E-07
Overall FS 
Soil
As 5.4574E-05 9.8218E-05 9.9161E-05
Cd 0.00742323 0.00172521 0.00174176
Co 0.00026782 0.00034211 0.00034211
Cr 0.00517699 0.00877322 0.00885741
Cu 0.5898111 0.00550688 0.00555972
Fe 0.00447121 0.00131566 0.00132828
Hg 1.4974E-06 2.0842E-06 2.1042E-06
Mo 7.948E-05 0.0001398 0.0001398
Ni 0.00129749 0.00171036 0.00172677
Pb 0.1408709 0.00111375 0.00112444
Se 7.1773E-05 0.00012664 0.00012664
Sn 8.0925E-05 0.00033553 0.00033553
Zn 2.55996451 0.03022757 0.03051763
4.4554E-05 1.3671E-05 1.1523E-05 0.00133152
3.5621E-05 0.00048288 0.00024846 0.00024846
0.00083074 0.00689785 0.00709094 0.00709094
0.00010499 0.00236097 0.0006499 0.0006499
0.0039896 0.03632463 0.03302005 0.03302005
0.00731052 0.01048587 0.08361246 0.08361246
0.00051745 0.0322358 0.00352447 0.00352447
7.0493E-07 1.2992E-05 4.7493E-06 4.7493E-06
5.7369E-05 0.00061003 0.00044993 0.00044993
0.00073868 0.00949927 0.00591911 0.00591911
0.00159859 0.00214334 0.01753487 0.01753487
5.137E-05 0.00055727 0.00039994 0.00039994
3.7496E-05 0.00134536 0.00019997 0.00019997
0.03468153 0.074021 0.38651701 0.38651701
1.05E-08 4.8183E-05 9.75E-08 9.75E-08
5.7375E-09 1.245E-05 6.75E-08 6.75E-08
5.1375E-09 1.1373E-05 0.00000006 0.00000006
3.75E-09 2.7456E-05 0.00000003 0.00000003
3.5621E-05 0.00048288 0.00024846 0.00024846
0.00083074 0.00689785 0.00709094 0.00709094
0.000105 0.00240915 0.00065 0.00065
0.0039896 0.03632463 0.03302005 0.03302005
0.00731052 0.01048587 0.08361246 0.08361246
0.00051745 0.0322358 0.00352447 0.00352447
7.0493E-07 1.2992E-05 4.7493E-06 4.7493E-06
5.7375E-05 0.00062248 0.00045 0.00045
0.00073868 0.00949927 0.00591911 0.00591911
0.00159859 0.00214334 0.01753487 0.01753487
5.1375E-05 0.00056864 0.0004 0.0004
0.0000375 0.00137281 0.0002 0.0002
0.03468153 0.074021 0.38651701 0.38651701
Source: data reworked from Tab.6.9 and Tab. 7.6.1-2
Tab.7.11.4 Relevant pesticides input (kg/FU) to the Foreground (FS) Systems for
Human Toxicity (HT) and Ecological Toxicity (ET)
Intensive-l Convention. Convention. Ecological-1 Intensive-2 Ecological- Ecological- 
___________(bare soil) (veg.cover)______________ _________2A________ 2B_______
Dimethoate 0.15414258 0.26315789 0.26315789 0 1.07671602 0 0
Piretrine 0.00192678 0.00328947 0.00328947 0 0.01345895 0 0
Methidathion 0.00385356 0.00657895 0.00657895 0 0.0269179 0 0
(eventual)
Carbaryl 0.12042389 0.19736842 0.19736842 0 0.84118439 0 0
(eventual)
Copper 0.46242775 0.78947368 0.78947368 0.6 3.23014805 4 4
chlorine
Simazine 0.28901734 0.49342105 l I l S S I i l l H l i S I I 0 2.01884253 0 0
Glyphosate 0.38535645 0.65789474 I l l l l l l l l l i l l l 0 2.69179004 0 0
Pheromone 5.5 0 31.25 31.25
trapping
IPM (Bacillus I l l l l l l l l l i l l l l i i i i i i i i i g i j g l i i i g l l l l l l i l l l l l l 0 4.375 4.375
thuringiensis)
Source: data reworked fromTab.5.2.1.1
Tab.7.11.5 Human Toxicity (HT) and Ecological Toxicity (ET) of the Background 
(BS) and Foreground (FS) Systems: Air
Intensive-1 Convent Convent. Ecological-1 Intensive-2 Ecological- Ecological-
______________________(bare soil) (veg. cover)_______________________2A_______ 2B_________
b s
aquatic 0.07971853 7.06220597 7.06220597 0.12572887 1.19565261 0.75274081 0.85347849
terrestrial 86.3406263 9518.99014 9518.99014 60.6829655 558.988845 726.206893 726.308253
HT 9.45375899 1040.73265 1040.73265 6,70652666 61.8114677 79.5884937 79.6892314
FS
ET
aquatic
terrestrial
0.0315904
0.0315904
0.02339237
0.02339237
0.02339237
0.02339237
0.00392581
0.00392581
0.07267193
0.07267193
0.03214224
0.03214224
0.03214224
0.03214224
HT 218.210381 123.774293 123.774293 22,0254397 457.947866 160.273462 160.273462
BS plus FS 
ET
Aquatic
Terrestrial
0.11130893
86.3720159
7.08559835
9519.00239
7.08559835
9519.00239
0,12965468
60.6866209
1.26832454
559.059288
0.78488305
726.237644
0.88562074
726.338381
HT 237.40937 1322.71084 1322.71084 31.7768049 598.171458 256.281468 266.663427
Source: data reworked from Tab.7.11.1 and 6.1.
Tab.7.11.6 Human Toxicity (HT) Ecological Toxicity (ET) of the Background (BS)
and Foreground (FS) Systems: Water
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 
(bare soil) (veg. cover)
Ecological-
2A
Ecological-
2B
BS
ET
Aquatic
Terrestrial
4.98657716
300.196187
8.95746474
512.686666
8.95740816
512.686666
3.88180944
233.702492
34.8313819
2096.92798
32.3383572
1947.5282
32.3444102
1947.53477
HT 1.21787588 38.4335978 38.4335978 0.87482853 8.30228759 8.92112649 9.40927535
FS
ET
Aquatic
Terrestrial
0.94920492
0.1241456
0.094696
0.17282284
0.00485947
0.00876581
0.00055678
0.0006431
0.75506265
2.17470206
0.00705449
0.00631753
0.00705449
0.00631753
HT 0.39430549 0.01572004 0.00608452 0,00282569 0.07726228 0.02114366 0.02114366
BS plus FS 
ET
Aquatic
Terrestrial
5.93572637
300.320333
9.0365774
512.859489
8.94674087
512.695432
3.8825691
233.703135
35.5863826
2099.10268
32.3447891
1947.53452
32.3560798
1947.54109
HT 1.61218136 38.4493178 38.4396823 0.87765422 8.37954987 8.94227015 9.43041901
Source: data reworked from Tab.7.11.2 and Tab.6.2
Tab.7.11.7 Human Toxicity (HT) and Ecological Toxicity (ET) of the Background
(BS) and Foreground (FS) Systems: Soil
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 
(bare soil) (veg. cover)
Ecological-
2A
Ecological-
2B
BS
ET
Aquatic
Terrestrial
2.56290132
4.6453E-05
232.788905
0.0042193
232.788905
0.0042193
71.28628
0.00129206
21.8733037
0.00039645
18.4372
0.00033417
2130.4372
0.03861417
HT 0.64072533 58.1972263 58.1972263 17.82157 5.46832592 4.6093 532.6093
FS
ET
Aquatic
Terrestrial
922.840536
12.1589076
64.6423412
0.91938661
65.2612021
0.92820763
35.9365421
0.51041895
263.09818
3.53302155
328.497731
4.66192625
328.497731
4.66192625
HT 5033.68978 705.80132 711.528953 346.659609 2962.65753 2977.76829 2977.76829
BS plus FS 
ET
Aquatic
Terrestrial
925.403438
12.158954
297.431246
0.92360591
298.050107
0.93242693
107.222822
0.51171102
284.971484
3.533418
346.934931
4.66226042
2458.93493
4.70054042
HT 5034.3305 763.998546 769.726179 364.481179 2968.12585 2982.37759 3510.37759
Source: data reworked from Tab.7.11.3 and Tab.6.9
Tab.7.11.8 Human Toxicity (HT) and Ecological Toxicity (ET) from pesticides use 
in the Foreground (FS) System
Intensive-1 Conventional 
(bare soil)
Conventional
(Veg.cover)
Ecological-1 Intensive-2 Ecological-
2A
Ecological-
2B
HCA 5.88917148 10.0270724 1.56654605 0 41.1370121 0 0
HCW 0.49024277 0.83457566 0.13753618 ■ H g 3.42444145 0 0
HCS 0.01204239 0.01973684 0.01973684 l i i i i i i i 0.08411844 0 0
Total HT (kg) 6.391457 10.88138 1.723819 i i i i i i i i i 44.64557 0 0
EA (m3) 0.28901734 0.49342105 i M g i j i i i i l i i l i l i ! 2.01884253 0 0
ET (kg) 6.41233141 17.0106963 11.3157895 9.04210526 39.8407747 48 48
Source: data reworked from Tab.7.11.4 and 6.10
SYNTHESIS OF IMPACT ASSESSMENT
RESOURCE DEPLETION
Energy Consumption (EC), Soil Loss (SL) and Solid Waste (SW) ( Tab.7.12); 
Abiotic Resource Depletion (AD), Water Use (WU) and Land Use (LU) (Tab.7.13); 
Biotic Resources (BR) (Tab.7.14);
Landscape Diversity (Tab.7.15);
POLLUTION
Greenhouse Effect (GE) (Tab.7.16).
Acidification (AC) (Tab.7.17).
Photochemical Smog (PS) (Tab.7.18).
Eutrophication (EU) (Tab.7.19).
Human and Ecological Toxicity (HT and ET): Air, Water, Soil and Pesticides 
(Tab.7.20).
Overall Human and Ecological Toxicity (Tab.7.21).
RELATIVE ENVIRONMENTAL IMPACTS
Overall relative environmental impacts of olive production systems (Tab.7.22).
RESOURCE DEPLETION
ENERGY- SOT.TD WASTE. SOIL TOSS
Tab.7.12 Energy Consumption (EC), Solid Waste (SW) and Soil loss (SL) emissions 
for olive production systems
Intensive 1 Convent. Convent. 
Bare soil Veget. cover
Ecolog.-l Intensive 2 Ecolog.-2A Ecolog.-
EC (MJ/FU) 4162.71 14559 14164 2420.42 36676.2 16753.02 18821
SL (kg/FU) 19267.82 32894.74 1644.74 l l l i l l l l 269179 1875.1 It
SL (kg/ha) 100000 100000 5000 i a i i i i i i : 200000 1500 1£
SW (kg/FU) 11.563 680.14 679.60 ^ | | i | W | 85.90 73.98 81
Source: data reworked from Tab.7.1.1
ABIOTIC RESOURCE DEPLETION 
Tab.7.13 Abiotic resource Depletion (AD)
Intens.-l Convent.
Bare soil
Convent.
Veg.cov.
Ecol.-l Intens.-2 Ecol.-2A Ecol.-2B
AD (m2 year/FU) 832.54 2911.81 2911.8 484.07 |  7335.26 3350.62 3764.25
LD (ha/FU) 0.1927 0.3289 0.3289 0.25 1.3459 2.5 1.25
WD (m3/FU) 0 0 S 0 0 0
Source: data reworked from Tab.7.1.3 and Tab.7.1.4
BIOTIC RESOURCES
Tab.7.14 Biotic Resources (BR) per hectare of olive crop
Intensive 1 Convent, 
bare soil
Convent.
veg.cover
Ecological 1 Intensive 2 Ecol.-2A Ecol.-2B
FLORA
BIO 0.1 0.875 2.613 3.1 0.1 4 4
DIV 508.65 508.6 8022.767 9858.832 508.6474 15733.25 15733.3
PDB 151.7 151.67 910.2 1061.9 151.75 1517 1517.5
VEQ 243.6242 243.7017 2953.211 3595.099 243.6242 5630.576 5630.6
FAUNA
BIRDS
Breeding
DEN 1.671 4.17 6.455 3.985 4.363 7.485 7.485
SEN 0.89 2.01 3.1 2.2 2.11 4.24 4.24
PBD 0.97 2.57 3.86 2.29 2.69 4.82 4.82
IFQ 7.25 17.92 27.34 17.43 18.77 34.67 34.67
Wintering
DEN 5.2 5.6 5.7 4.24 5.8 8 8
SEN 1.83 2.32 2.01 1.49 2.04 2.82 2.82
PBD 10.25 13.02 11.23 8.36 11.43 15.77 15.8
FEQ 41.43 51.62 45.42 33.78 46.21 63.7 63.74
Overall
DEN 6.871 9.77 12.155 8.225 10.163 15.485 15.485
SEN 2.72 4.34 5.1 3.69 4.15 7.06 7.06
PBD 11.21 15.59 15.1 10.64 14.12 20.59 20.6
FEQ 63.18 105,37 127.43 86.09 102.52 167.76 167.8
ARTHROPO
DS
Macroarth
DEN 21182.5 30975 45475 45475 21182.5 45475 45475
PBD 11742.5 13625 19470 19470 11742.5 19470 19470
FEQ 56410 71850 103885 103885 56410 103885 103885
microarth
DEN 1220.225 649.75 6141.125 6141.125 1220.225 6141.125 6141.125
PBD 389.985 233.6 2248.445 2248.445 389.985 2248.445 2248.445
FEQ 2390.18 1350.55 12886.46 12886.46 2390.18 12886.46 12886.46
Overall
FEQ 292503 204856 1378744 1378744 292503 1378744 1378744
OVERALL
FEQ
BIRDS
355.33
AND
309.92
ARTHROP
1504.67
ODS
1463.37 394.63 1544.96 1545.0
BR 598.96 553.62 4457.88 5058.47 638.25 7175.53 7175.60
Source: data reworked from Tab.7.1.8-9-14-15-16-17-18-19-20 and Formula 5 and 6
LANDSCAPE
Tab.7.15 Landscape Diversity (LD) and Landscape Connectivity (LC) per hectare of 
olive grove
Intens.l Convent Convent Ecol. 1 Intens. 2 Ecol.-2A Ecol.-2B 
_____________________ Bare soil___Veg.cover__________________ ___________________________
LD 0 0 4 2.7548875 2.7548875 9.6514844 12
LC 0 0 0 0 0 0.3333333 0.3636364
Source: data reworked from Tab.7.21
347
POLLUTION
GREENHOUSE EFFECT 
Tab.7.16 Overall Greenhouse Effect per Functional Unit (GE)
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 
(bare soil) (veg. cover)
Ecological-
2A
Ecological-
2B
GE 20 913.710359 12598.4631 12598.4631 297.897129 5322.65067 2351.86205 2521.00389
GE 100 944.308682 11954.7538 11954.7538 289.236227 5344.61801 2337.69749 2499.77866
GE 500 669.190025 11348.9093 11348.9093 235.236966 4065.33413 1791.74769 1950.62803
Indirect +  ++++4-H-++ 
+++
-H-H-+++++
+++
+ +++++++ ++ +++
Source: data reworked from Tab.7.7
ACIDIFICATION 
Tab.7.17 Overall Acidification per Functional Unit (AC)
Emissions
(kg/FU)
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 
(bare soil) (veg.cover)
Ecological-
2A
Ecological-
2B
AC
Minimum
Maximum
3.95767462
33.8670002
182.728569
227.949691
182.728569
226478639
3.01868768
13.6377204
27.3424276
117.435745
24.3006965
60.9102509
26.1901353
203.271417
Source: data reworked from Tab.7.8
PHOTOCHEMICAL SMOG 
Tab.7.18 Overall Photochemical Smog per Functional Unit (PS)
Intensive-1 Convent 
(bare soil)
Convent
(vegetal
cover)
Ecological-1 Intensive-2 Ecological- 
2A
Ecological-
2B
PS
Minimum
Maximum
0.20885185
0.7695969
3.94794697
16.1222529
3.94794697
16.1222529
017900033
0.64972939
1.48300797
5.50345826
0.65184199
2.53483295
0.73813828
2.78101219
NOx
(kg/FU)
0.43657137 29.3099984 29.3099984 233152829 22.1961532 7.46726893 9.17038093
Source: data reworked from Tab.7.9
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EUTROPHICATION
Tab.7.19 Overall Eutrophication per Functional Unit (EU)
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 Ecological- Ecological- 
(bare soil) (vegetal 2A 2B
____________________________________ cover)  . -__________________________
EU
N-limited 1.2023474 5.92115966 5.6665544 1.50284237 8.09786367 4.274982 28.4320302
P-Hmited 0.40025102 0.76911854 0.76911854 03113711 2.7953187 2.59966461 2.6001875
Source: data reworked from Tab.7.10 
HUMAN TOXICITY AND ECOTOXIC1CTY 
Tab.7.20 Human Toxicity (HT) and Ecological Toxicity (ET) per Functional Unit in 
the Background System (BS) and Foreground System (FS)
Intensive-1 Convention. Convention. Ecological-1 Intensive-2 Ecological- Ecological- 
__________________________ (bare soil) (veg.cover)___________________   2A_________ 2B
BS
ET
aquatic 0.07971853 7.06220597 7.06220597 0.12572887 1.19565261 0.75274081 0.85347849
terrestrial 86.3406263 9518.99014 9518.99014 60.6829655 558.988845 726.206893 726.308253
HT 9.45375899 1040.73265 1040.73265 6.70652666 61.8114677 79.5884937 79.6892314
FS
ET
aquatic 0.0315904 0.02339237 0.02339237 0.00392581 0.07267193 0.03214224 0.03214224
terrestrial 0.0315904 0.02339237 0.02339237 0.00392581 0.07267193 0.03214224 0.03214224
HT 218.210381 123.774293 123.774293 22.0254397 457.947866 160.273462 160.273462
BS plus FS 
ET
Aquatic 0.11130893 7.08559835 7.08559835 0.12965468 1.26832454 0.78488305 0.88562074
Terrestrial 86.3720159 9519.00239 9519.00239 60.6866209 559.059288 726.237644 726.338381
HT 237.40937 1322.71084 1322.71084 31.7768049 598.171458 256.281468 266.663427
Water
BS
ET
Aquatic 4.98657716 8.95746474 8.95740816 3.88180944 34.8313819 32.3383572 32.3444102
Terrestrial 300.196187 512.686666 512.686666 233.702492 2096.92798 1947.5282 1947.53477
HT 1.21787588 38.4335978 38.4335978 0.87482853 8.30228759 8.92112649 9.40927535
FS
ET
Aquatic 0.94920492 0.094696 0.00485947 0.00055678 0.75506265 0.00705449 0.00705449
Terrestrial 0.1241456 0.17282284 0.00876581 0.0006431 2.17470206 0.00631753 0.00631753
HT 0.39430549 0.01572004 0.00608452 0.00282569 0.07726228 0.02114366 0.02114366
349
BS plus FS 
ET
Aquatic 5.93572637 9.0365774 8.94674087
Terrestrial 300.320333 512.859489 512.695432
HT 1.61218136 38.4493178 38.4396823
Soil
BS
ET
Aquatic 2.56290132 232.788905 232.788905
Terrestrial 4.6453E-05 0.0042193 0.0042193
HT 0.64072533 58.1972263 58.1972263
FS
ET
Aquatic 922.840536 64.6423412 65.2612021
Terrestrial 12.1589076 0.91938661 0.92820763
HT 5033.68978 705.80132 711.528953
BS plus FS 
ET
Aquatic 925.403438 297.431246 298.050107
Terrestrial 12.158954 0.92360591 0.93242693
HT 5034.3305 763.998546 769.726179
Pesticides
FS
ET
Aq.(m3) 0.28901734 0.49342105 0
Terr.(kg) 6.41233141 17.0106963 11.3157895
HT ________6.39145665 10.8813849 1.72381908
Source: data reworked from Tab.7.11.5-6-7-8
3.8825691 35.5863826 32.3447891 32.3560798 
233.703135 2099.10268 1947.53452 1947.54109 
0.87765422 8.37954987 8.94227015 9.43041901
71.28628 21.8733037 18.4372 2130.4372
0.00129206 0.00039645 0.00033417 0.03861417 
17.82157 5.46832592 4.6093 532.6093
35.9365421 263.09818 328.497731 328.497731
0.51041895 3.53302155 4.66192625 4.66192625 
346.659609 2962.65753 2977.76829 2977.76829
107.222822 284.971484 346.934931 2458.93493 
0.51171102 3.533418 4.66226042 4.70054042
364.481179 2968.12585 2982.37759 3510.37759
0 2.01884253 0 0
9.04210526 39.8407747 48 48
0 44.645572 0 0
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Tab.7.21 Overall Human Toxicity (HT) and Ecological Toxicity (ET) per Functional 
Unit
Intensive-1 Convention.
bare soil)
Convention. Ecological 1 
(veg.cover)
Intensive-2 Ecological-
2A
Ecological-
2B
BS
ET
Aquatic 7.62919701 248.808576 248.808519 75.2938183 57.9003382 51.528298 2163.63509
Terrestrial 386.53686 10031.681 10031.681 294.38675 2655.91722 2673.73543 2673.88164
HT 11.3123602 1137.36347 1137.36347 25.4029252 75.5820812 93.1189202 621.707807
FS
ET
Aquatic 924.110349 65.2538506 65.2894539 35.9410247 265.944757 328.536928 328.536928
Terrestrial 18.726975 18 1262981 12.2761553 9.55709313 45.6211702 52.700386 52.700386
HT 5258.68592 840.472717 837.033149 368.687874 3465.32823 3138.0629 3138.0629
BS plus FS 
ET
Aquatic 931.73949 314.046843 314.082447 111.235046 323.845034 380.064603 2492.17663
Terrestrial 405.263634 10049.7962 10043.946 303.943572 2701.53616 2726.43442 2726.58001
HT 5279.74351 2136.04009 2132.60052 397.135638 3619.32243 3247.60133 3786.47144
Source: data reworked from Tab.7.11.9
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RELATIVE ENVIRONMENTAL IMPACTS
Tab.7.22 Relative environmental impacts of olive crops
Impacts
NEGATIVE
Intensive 1 Conventional 
{bare soil)
Conventional 
(veg. cover)
Ecological-1 Intensive 2 Ecological-
2A
Ecological-
2B
EC 1.71982852 6.01506928 5.85198325 1 15.1528092 6.92153349 7.77613688
AD 1 71987522 6.01526639 6.01524573 1 15.1533043 6.92176751 7.77625137
LU 1 1.70679813 1.70679813 1.2973534 6.98443176 12.973534 6.486767
GE 3.07307912 43.6568846 43.6558948 1 17.9148036 7.88125136 8.47721566
AP(max) 2.48333293 16.7146477 16.6067812 1 8.61109786 4.46630735 14.9050876
PS (NOx) 1 67.1367857 67.1366656 534054329 50.8419809 17.1043487 21.0054566
SW 1.60152355 94*2022161 94.1274238 1 11.8975069 10.2465374 11.234072
EU 1 4.1746442 4.01577392 1.13204497 6.79720024 4.28968763 193636892
ET 3.22030824 24.9623718 24.9483669 1 7.28693883 7.48231939 12.5699071
HT 134945599 5.37861599 5.36995505 1 9.11356747 8.17756206 9.5344539
SL 999999858 10000001 5.0000096 1 199.999997 1.50008 1.5
OVERALL
NEGATIVE
INDICATOR
-11.828408 -33.633028 -24.948728 -1.4336311 -31.795785 -7.9968117 -10.966276
POSITIVE
BR 1.08188698 1 8.05227147 9.1371166 1.15287585 12.9611712 123)612869
LD 0 0 4 2.7548875 2.7548875 9.65148445 12
LC 0 0 0 0 0 33.3333333 36.3636364
OVERALL
POSITIVE
INDICATOR
0.36062899 033333333 4.01742382 3.96400137 1.30258778 18.648663 20.4416411
TOTAL -11.467779 -33.299695 -20.931304 +2.5303703 -30.493197 +10.651851 +9.475365 
INDICATOR
Source: data reworked from Fig. 18.1-2-3-4. The highest values for both negative and positive impacts are indicated in 
bold
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APPENDIX III.v 
Figures
353
LANDSCAPES ASSOCIATED WITH OLIVE FARMS
The following figures represent the schemes of the different types of olive production 
systems analysed in Section III.v. The elements which structure the associated landscape 
are highlighted in the Legenda, i.e. olive crops, hedgerows, woodland area, links.
Olive farms Figures
Intensive 1 Figure 1
Conventional (bare soil) Figure 2
Conventional (vegetal 
cover)
Figure 3
Ecological 1 Figure 4
Intensive 2 Figure 5
Ecological 2A Figure 6
Ecologial 2B Figure 7
High productive olive farms are shaded.
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Intensive-1
Link I
Outer olive crops
LEGENDA:
Outer olive
Olive farm type
Hedgerow: ^ B g > « g
Wooden area:
Conventional 
(bare soil)
Outer olive crops
Fig.3
Conventional 
(vegetal cover)
Link
Link  3
Link 2
® S i i
Outer olive crops
Ecological-1
Link I
Link 2
Outer olive crops
Intensive-2
Link I
Link 2
Outer olive crops
Link  4
Link  5
Link  3
Link I
Link  2 Ecological-2A
Link 9
Outer olive crops
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Text Box
Evolution of cereal production systems in Andalusia from the Middle Ages to the 
present day (XV-XXth centuries).
From the end of the XVth century to the end of the XVIIth century cereal farming 
changed fundamentally, following the constant growth of demand and prices. As a 
consequence, land under cultivation increased to follow demand until the end of XVIth 
century, allowing demand and supply of wheat to be matched without intensifying 
production.
On the other hand, following the overall European trend, the XVIIth century was 
characterized by a marked recession: the whole of European agriculture was experiencing 
a major crisis. Additionally, the deep demographic crisis due to wars and epidemics in 
Baetica, together with the related increase of available agricultural lands, led to an 
important rise in the price of cereals, which encouraged the landlord families to invest 
heavily to increase their land ownership (Anes Alvarez, 1978).
The general economic and monetary crisis, exacerbated by the inflation caused by the 
massive inflow into European markets of large quantities of gold and silver from the 
American colonies, led the royal family as well as many municipalities to experience a 
double transformation: (i) they were forced to sell their lands to land-owning families and 
other privileged groups; (ii) they had to suffer usurpation of lands carried out by some 
members of these groups themselves, taking advantage of the climate of widespread 
uncertainty and weakness of central power.
Accordingly, the nobility, Church and military orders were encouraged to invest more 
and more in accumulating agricultural lands, also benefitting from the fact that small 
farmers could not survive in that climate of socio-economic and political difficulties, and 
were compelled to sell their lands below cost to survive, working as workmen on the 
lands they had previously owned (Florido Trujillo, 1996, pp.86-88). Thus these favoured 
social groups, together with some merchants of the upper middle class who were enriched 
by marketing agricultural products in the American colonies, reach the climax of their 
economic, social and political power throughout the XVIIth century.
On the other hand, important changes transformed the agricultural profile of Andalusia:
(i) the strong demand for products and their high price led to some degree of 
specialization of the agricultural production patterns; the rural buildings 
associated with cereal farms took the form of cereal producing cortijo, which 
soon became dominant;
(ii) the cortijo represented a relatively simple building complex, largely dedicated to 
production infrastructures, with only a limited and simply conceived residential 
part.
400
Another important transformation affected the pattern of exploitation of land: both cortijo 
and land were hired together (en redondo) to third parties, and some authors estimate that 
up to 90% of cereal farms in Baetica were managed in this system. They were hired 
essentially to landless farmers and merchants.
According to these newly defined production needs, the former practise of “un afio y vez” 
was progressively substituted by a system which divided the land into three crops, one in 
each third. One was assigned to cereal cropping, in turn divided into three parts, two of 
which were dedicated to wheat cropping and the remaining one to oat cropping for 
animal feed. The second third was assigned to fallow, with the exception of small 
portions dedicated to legume cropping. The last third was used as pasture for livestock. 
The self sufficiency of the cortijo was guaranteed; thus the fluctuations of market prices 
did not much affect this self-sufficient economy (Artola et ah, 1978).
The system described above dominated until the XlXth century, when important 
transformations occurred to determine its end, and new dynamics began to become 
important in the society, economy and culture of Andalusia. Pushed by the rising power 
of the middle class, the central power promoted a massive expropriation of the lands of 
the Church and military orders i.e. Mams mortuae, which took place in a dramatic way 
especially in Andalusia, and was called Desamortizacidn. Large shares of lands and 
goods were expropriated and sold at auction. Nevetheless, this process increased the 
concentration of lands in a few richer families, who were able to buy the large 
expropriated lands.
Three social groups essentially benefitted by these changes, being the only ones able to 
buy the large portions of expropriated land, which usually was maintained undivided:
♦ the noble landlords;
♦ the titleless oligarchy, that means those merchants enriched basically through 
marketing of agricultural products in the colonies as well as in Europe;
♦ the enriched landless families which had hired and managed the landlords’ farms 
during the previous centuries (Dominguez Bascdn, 1990).
On the other hand, during the early XIX century, the royal power attempted to reduce the 
power of the nobility by abolishing the regime of jurisdiction on lands (disolucidn del 
senorfo), and in the year 1811 also attempted to transform the rules of land inheritance, 
providing the heir with the right to sell parts of the inherited lands (abolicidn del 
mayorazgo).
However, the nobility began to be affected by these measures only from the last decades 
of the XlXth century; this process took place simultaneously with the increasing power of 
the new agricultural middle class, i.e. titleless oligarchy and landless farmers, who were 
very active also in industry and handicrafts; this class progressively took possession of 
the lands sold by the nobility. This new class, termed the “agricultural middle class”, 
become a very important actor from the beginning of the XXth century, and came to 
constitute the new basis of current agricultural Andalusian society and culture. In fact, the
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significant number of anonymous societies in the agricultural business today are the 
direct descendants of this new social stratum.
Moreover, the agricultural middle class carried out two important processes which 
promoted the modernization of Andalusian agriculture:
(i) the direct management of the farm and cortijo, carried out to maximize
functionality and profitability;
(ii) the general attitude towards entrepreneurship throughout the production system;
(iii) the modernization of production, transformation and marketing and the rising
markets provided by the industrial revolution (Hondo Trujillo, 1996, pp.87-90).
In this light, it is possible to identify three basic changes which determined the whole 
production structure of cereal farms:
(i) The first transformation was a progressive shift from the system based on three 
shares of territory (pan tertiato) back to the previous system of biennial wheat- 
fallow rotation (ano y vez), but now more intensified; this was enabled by 
technological innovation. Accordingly, pastures were progressively reduced as 
less profitable than intensified and specialized agriculture.
(ii) The second important change was the transformation of fallow into a sown 
fallow, while pastures were totally eliminated in a second phase, just around the 
end of the 1850s: this left half of the land dedicated to cereals, essentially wheat, 
the other to sown fallow;
(iii) Technological innovation is the third important functional change of the 
agricultural production system, and the entrepreneurial culture is its expression. 
Innovation promotes and develops intensification and specialization processes, 
which finally increase tremendously the overall productivity. The introduction of 
new chemical inputs (fertilizers, pesticides), the mechanization of production and 
transformation processes as well as the introduction of new varieties able to meet 
the more differentiated market demand (sugar-beet, sunflower, cotton) have had a 
major influence in determining the patterns of industrialized agriculture.
As regards the rural environment, the traditional cortijo building begins to take a more 
defined shape in the early XVIth century: it is a complex of buildings dedicated to 
storing agricultural implements and livestock, as well as to provide in some cases 
temporary and very simple dwellings for farmers and casual workers.
Usually the building is very basic until XlXth century, when the agricultural middle class 
increased its power and control on the ownership of land, introducing several 
improvements. Only during the first decades of the XXth century, following some 
legislative developments, a general improvement of the living conditions of farmers and 
casual workers was experienced. Nevetheless, due to agricultural depopulation starting in 
this period, casual workers went to the cortijo only for the working-day, returning to 
villages and towns to stay with their families.
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With the industrialization of agricultural production in the fifties and sixties, the cortijo 
begins to lose its functionality, becoming obsolete and unable to respond to the new 
production needs (Rorido Trujillo, 1996, p89 and Rorido Trujillo, 1989, pp.71-82).
Simultaneously, livestock production loses importance in cereal farms, and livestock 
farms have increasingly specialized especially in the plains at the mouth of Guadalquivir 
(Cadiz province). These livestock farms are characterized by relatively simple buildings, 
similar to the cereal farm pattern and thus called cortijos (ganaderos). Specialized 
livestock farms for bullfighting livestock are characterized by areas for free ranging 
(dehesas) and by buildings where bulls are checked (plaza de tientas) (Cossio, 1961).
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Tab.l Criteria description and weight
See Tab.2 from 1 to 5 1.5
See Tab.4 idem 1.5
See Tab.5 idem 2
See Tab.3 idem 1
See Tab.6 
See Tab.3 
See Tab.7 
See Formula 1
idem
idem
idem
2
1
1
Tab.2 Evaluation of Architectural/Artistic Quality
Evaluation Value
Very low 1
Low 2
Medium 3
High 4
Very high 5
Tab.3 Evaluation of State of Conservation and State of Production Performance
Evaluation Value
Very bad 1
Bad 2
Medium 3
Good 4
Very good 5
Tab.4 Evaluation of State of Functionality
Functions Evaluation Value
no functions preserved Very bad 1
important changes in several functions Bad 2
some changes in important functions Medium 3
changes in negligible functions Good 4
all functions preserved Very good 5
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Tab.5 Evaluation of Unique Features
Evaluation Value
Basic agri-industrial elements only 1
olive mill (beam press)1, ‘rural’ courtyard,2 kitchen, 
oil storage area, water storage
2
olive mill (tower press)3, wine press, counterweight 
tower, mill chimney, ‘urban’ courtyard4, portal
3
facade, chapel, sightseeing and lookout towers 4
Senorio, arcade, balconies, ornamentation 5
Tab.6 Evaluation of Conservation of Traditional Life-Style
Evaluation Value
only old people 1
old people and retired middle-aged people 2
permanent old people, young people as semi­
permanent
3
equal proportion of old, retired and young people as 
permanent
4
more young people and children than retired and old 
people as permanent
5
Tab.7 Approximate date of construction
Evaluation Value
After 1920 1
Between the second half of XlXth century 
and the twenties
2
First half of the XlXth century 3
Between the XVIIth and the XVIIIth century 4
Before the XVIIth century 5
1 See Text Box 1, chapter 2.1.
2 See Section II, chapter 1.
3 See Text Box 1, chapter 2.1.
4 See Section III;, chapter 1.
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Calculation of the Cultural Profile (CP) of the farm
c
2  M. *W.^  i ii=l
CPc =Farm -------------------
1 w.
i=l
M. = Value of the i-criterion
= Weight of each i-criterion
C = maximum number of evaluation i-criterion considered
[Formula I]
CP (%) = 20* CP 5-leveI
[Formula 2]
C P  qualitative = 5 {0.5 4- 0.5 sin {180 [(C P 5-level / 2.5) - 1]}}
[Formula 3.1]
CP qualitative = 5 {- (1/300) *10'3 CP 5-level 3 + (17/300) *103 * CP 5-level
[Formula 3.2]
CP qualitative = 5 {- 0.5 + 0.5 th (-2.5 + CP 5-level) }
[Formula 3.3]
Tab.8
Numeric and qualitative representation of Cultural Profile (CP) evaluation.
CP(%) CP (5-step numeric) CP (qualitative)
0-9.6 0.0-0.48 Very Bad
9.6-34.6 0.48-1.73 Bad
34.6- 50.0 1.73-2.51 Medium-low
50.0-66 2.51-3.3 Medium-high
66-90 3.3-4.5 Good
90-100 4.5-5.0 Very Good
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Parti. Control group farms
MOLINOS (olive-milliiig farms), CORTIJOS (farm-houses) and CASERlAS (small 
mansions)
Name: La Campana 
Denomination: Lagar-Caseria 
Site: Monturque (Cordoba)
Evaluation Value \
1. Architectural/artistic quality Medium-High W rn m M
2. Functionality Very bad 1
3. Unique features Portal, beam-press, kitchen, oil storage 3
4. State of conservation Very bad 1
5. State of traditional life-style Old and retired people 1
6. State of production performance Bad 1
7, Date of construction Around 1816 3
CP = 1.975 (Medium-low)
This farm has been entirely dedicated to olive oil production. The portal and some 
residential parts have been maintained, although in a very bad state, while other agri- 
industrial parts have suffered important transformations. The beam-press (molino de 
viga) represents one of the few and very beautiful examples of this agri-industrial 
technology in the county. Very significant and well preserved is the semi-interred 
earthenware olive oil storage. Moreover, the kitchen maintains its traditional and sober 
structure, while the small chapel is in a very bad state. The presence of only old people 
and their life-style testify that this is an interesting example where an obsolete, declining 
production system cannot afford resources for younger staff.
Name: Fuente La Higuera Evaluation
Denomination: Huerta-Caseria IS
Site: Montilla (Cordoba)
1. Architectural/artistic quality Medium a i l l l i i l i
2, Functionality Very bad i
3. Unique features Senorio 5
4. State of conservation Very bad W S i i l l i l
5. State of traditional life-style Old and retired people 1.5
6. State of production performance Very bad
7. Date of construction Around 1875 2
2.3(Medium-low)
The original activity of this farm was olive production, complemented by a significant 
production of wine. Although the style of the construction is simple, the structure of the 
sefiorio -together with the big size of the agri-industrial part- indicates the wealth that 
characterized this farm in old times. Since the traditional production process has been 
progressively abandoned, the farm is in decline.
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i Name; La AlcantarlUa . Evaluation ~ . Value
Denomination; Cortijo
Site: Lncena (Cordoba) , _______________________________
L Architectural/artistic quality Low-Medium i M t l f i
2. Functionality Good, with some important changes 3
3. Unique features Portal, ‘ruraTcourtyard, olive-mill 3
4. State of conservation Veiy good 5
5. State of traditional life-style Old, retired and young people 3
6. State of production performance Very good 5
7. Date of construction Unknown, restored in 1917 1.5
G P« 3.175 (Medium-high)
This farm was dedicated to cereals and olive crops, together with limited livestock
breeding (sheep, goats, pigs). The olive mill, the rural courtyard and oil storage are
preserved in good conditions, although rarely used. Although the style of the building is
simple and sober, the portal is very beautiful. The part assigned to workers {ganeria ) has
been transformed to give place to a new residential part occupied by the owners
(sehorio). Important transformations have been carried out to keep the farm in good
working conditions.
Name: Ls Propios del Gnadiana Evaluation Value
Denomination: Cortijo IP*' S* i »4 a '
1. Architectural/artistic quality Low-Medium ® 2 M S § :
2. Functionality Bad 2
3. Unique features Senorio 5
4. State of conservation Bad 2
5. State of traditional life-style Retired and young people 2.5
6. State of production performance Bad-Medium 2.5
7. Date of construction 1836 3
CP = 2.925 (Medium-high)
A few decades ago this farm was dedicated essentially to olive and almond cropping, 
although olive crops dominate. There is a clear distinction between the agri-industrial and 
residential parts: the olive mill is located in a separate building, where the traditional 
machinery is preserved.
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Name: Iiihuelas 
Denomination: Cortijo 
: Site: ArJoria (Ja&t)
Evaluation Value
1. Architectural/artistic quality Medium l i i i M l B S
2. Functionality Bad 2
3. Unique features Portal, senorio 5
4. State of conservation Low-Medium 2.5
5. State of traditional life-style Retired and young people 2.5
6. State of production performance Bad-Medium 2.5
7. Date of construction 1809 3
CP = 3.05 (Medium-high)
This farm is dominated by olive crops, although a very limited share of the land is
dedicated to cereals and rape crops. The mill has been dismantled and the agri-industrial
part has been partly transformed, due to the decline of traditional activities. The
residencial part is sober, but in good state of conservation.
Name: Las Mercedes 
Denomination: Cortijo 
Site: Arjona (Jaen)
Evaluation
1. Architectural/artistic quality Medium W S tm r n
2. Functionality Good 4
3 . Unique features Portal, olive mill, kitchen 3
4. State o f conservation Very good 5
5. State of traditional life-style Retired and young people 3
6. State of production performance Good 4
7. Date of construction Unknown, probably the half of XIX 2
century
CP = 3.35 (Medium-high - Good)
This farm is located on the ancient settlement of a Roman villa, probably dedicated to 
olive growing. The residential part is sober, but the agri-industrial complex-although it 
has been modernized in the fifties- shows well preserved ancient machinery for olive oil 
processing and storage.
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Name: Santa Marla de Tobaruela 
Denomination: Cortijo 
Site: Linares (Ja&i)
Evaluation Value
1. Architectural/artistic quality Low-Medium f t S I M i l l
2. Functionality Good 4
3 . Unique features Portal, senorio, olive mill 5
(working), garden
4. State of conservation Very good 5
5. State of traditional life-style Retired and young people 2.5
6. State o f production performance Very good 5
7\ Date of construction 1880 2
CP-= 3.675 (Good)
The agri-industrial part is simple and sober, while the ornamentation of the residential
parts is refined and elegant. Several courtyards separate clearly the agri-industrial part
from the residence. The olive mill has been reformed in the thirties, and is well-
preserved. The working staff is composed mostly of young people.
Name: La Serafina 
Denomination: Cortyo 
Site: Antequera (M&laga)
Evaluation Value
L Architectural/artistic quality Medium-high rn M S M
2. Functionality Bad-Medium 2.5
3. Unique features Facade, chapel, mill chimney 4
4. State of conservation Good 4
5. State of traditional life-style Retired and young people 2.5
6. State of production performance Medium 3
7. Date of construction 1897 2
C P ^ 3.1 (Medium-high)
The residential parts have been restored during the last decades, but their original aspect 
remains unchanged. Surprisingly, the agri-industrial part been radically transformed, and 
the olive mill has been dismantled. Overall, this farm shows an extremely simple aspect. 
Nevertheless the chapel, actually restored, offers an example of refined and elegant 
ornamentation.
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CASERl AS MONTOREn AS (Montoro-type mansions)
'Name: De Santos
t Denomination: Caserfa Montorefia 
Site: Montoro (Cdrdioba)
Evaluation Value
1. Architectural/artistic quality Medium-high
2. Functionality Bad 2
3. Unique features Tower-press, water storage, 
terraced courtyards
2
4. State of conservation Bad 2
5. State of traditional life-style No permanent staff 0
6. State of production performance Very bad W m m tm rn m
7. Date o f construction Second half of XlXth century 2
C P ~ 1,725 (Bad)
Originally property of the Church, this farm was expropriated at the end of the XlXth 
century,5 passing into the hands of a famous Spanish Minister who promoted the 
construction of new roads in the surrounding area to improve the access of his olive oil to 
market. In the agri-industrial part, water stores, a rare example of tower-press, and 
subterranean olive oil stores have been identified. Its production is now decreasing, and 
the overall complex is in decline.
, Name: La Colorfi Xft » WpHttl Hr * I'
Denomination: Caserfa Montorefia
Site: Montoro (Cordoba)
1. Architectural/artistic quality
2. Functionality Very bad (no agricultural use) 0
3. Unique features portal, courtyard, eouterweight 
tower, water storage, olive mill
2.5
4. State of conservation Good 4
5. State of traditional life-style Young people only 0
6. State of production performance No agricultural use (hotel use) 0
7. Date of construction End of the XVIII century 3.5
CP'.= 1.725 (Bad)
During the last two centuries this was a very important olive-producing farm, whose 
productivity remained extremely high during all the last century.6 The structures of the 
productive and residential parts are very large and symmetrically distributed around the 
central courtyard. The olive mill is very big, provided with beam-press (viga de prensa) 
and a sole, massive and grand counterweight tower; the olive oil store is very beautiful
5 Valle Buenestado, B., Geografia agraria de los Pedroches, Excma.Diputaci6n Provincial de Cdrdoba, 
Cdrdoba, 1985, pp.253-254.
6 Registro de la Propriedad de Montoro, tib ro  402, folio 180, inscriptidn 1°.
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and well preserved (bodega), as well as the extremely big water stores (aljibe). The 
whole complex is no longer in production, and now has become a hotel for rural-tourism.
: Name:Escalera
Denomination: Caserfa Montorefia 
Site: Montoro(Cdrdoba)
Evaluation Value
* Y-
V* V *
1. Architectural/artistic quality Medium-High Wmmrnrn
2. Functionality Very bad l
3. Unique features portal, chapel, couterweight tower 4
4. State o f conservation Very bad, except for the chapel 1
5. State of traditional life-style Old people only 1
6. State of production performance Bad 1
7. Date o f construction Unknown, probably beginning of 
theXIXth century
3
CP = 2.175 (Medium-low)
This complex was really magnificent during the last century, when it included an oratory,
pantheon, chapel, ball-room and relevant ornamentation. Many of these structures do not
exist any more, except for a blazon and the restored chapel.
‘ Name: Las Pozas 
< Denomination: Caserfa Montorefia 
Site: Montoro (Cdrdoba)
Evaluation Value
1. Architectural/artistic quality Medium-high i a l l i l i
2. Functionality Bad-medium 2.5
3. Unique features beam-press, olive oil storage, water 
storage, olive mill building
2
4. State of conservation Good 4
5. State of traditional life-style No permanent staff 0
6. State of production performance Medium 3
7. Date of construction Around the 1836 3
CP - 2.3 (Medium-low)
The agri-industrial part is very large and well preserved -  with a traditional olive mill, 
oven, oil and water stores- while the residential part is small. Overall, the complex is 
characterized by a marked rural character. The production is low, reflected in the fact that 
permanent staff is lacking.
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, Name: Los Aguayos 
DenominatiomCaserfa Montorefia 
Site: Montoro (Cdrdoba)
Evaluation Value
L Architectural/artistic quality Medium i s i l i l l i
2. Functionality Very bad i
3. Unique features portal, fagade, stairway 4
4. State o f conservation From very bad to medium 2
5. State of traditional life-style Old and retired people 1.5
6. State o f production performance Bad 2
7. Date o f construction About the end of XVIII century 3.5
CP = 2.45 (Medium-low)
This farm probably belonged to the noble family of Los Aguayo, lineage of Toledan 
origin which benefitted from the donations of the king Fernando III the Wise during the 
Reconquista? The big olive mill shows the importance of olive production until some 
decades ago, when the mill became obsolete. The couryards clearly separate the agri­
industrial from the residential areas, where a beautiful coat of arms and a grand stairway 
are well preserved. The urban courtyard was conceived to have a complete outlook over 
the whole of the farm.
Name: Las M oiras 
Denomination: Caserfa Montorefia 
Site: Montoro (Cordoba)
Evaluation Value
1. Architectural/artistic quality Medium-High
2. Functionality Bad 2
3. Unique features Senorio, couterweight tower, 5
chapel
4. State of conservation Very bad 1
5. State of traditional life-style Old and retired people 1.5
6. State of production performance Bad 2
7. Date of construction Between the half of XVIII and the 2
beginning of XlXth centuries
CP = 2.625 (Medium-high)
This complex belonged to the Church since the half of the XVIIIth century until the 
beginning of the XXth century. Athough, it has been radically transformed during the last 
two centuries, the olive mill, counterwight towers, the senorio and the chapel, 
symmetrically distributed around the central courtyard, are very well preserved.
7 Ramfrez de Arellano y Gutierrez, T., Paseos por Cordoba, Librerfa Luque de Cdrdoba, 5th edition, Le6n, 
1983, p. 195.
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Name: La Roza Alta 
^Denomination; Caserfa Montorefia 
Site: Montoro (Cfirdoba)
Evaluation Value
1. Architectural/artistic quality High 4
2. Functionality Good, although the activity is 
limited
4
3. Unique features Facade, senorio, sightseeing tower, 
olive mill, rural courtyard
5
4. State of conservation Very good 5
5. State of traditional life-style Old, retired, young people and 
children
4
6. State of production performance Very good 5
7. Date of construction Around the 1916 1
CP = 4.1 {Good)
The functionality of this complex is good since its construction date, around the second 
decade of the XXth century. The industrial part is clearly separated from the agricultural 
and the residential areas. The state of conservation of the olive mill is very good, together 
with an old wine press. The ornamentation -arcades, sightseeing towers, ceramic 
decoration- is very beautiful and imitates the most refined Sevillan models of hacienda.
. Name: La Simona - 
Denomination; Caserfa Montorefia 
Site: Montoro (Cdrdoba)
Evaluation
RRRR? R ,R
1. Architectural/artistic quality i i B i l l l
2. Functionality Good, although the traditional 
production pattern are reduced
4
3. Unique features Senorio, couterwight tower 5
4. State of conservation Very good 5
5. State of traditional life-style Old, retired and young people 3.5
6. State of production performance Very good 5
7. Date of construction Beginning of die XlXth century 3
CP = 4.2 (Good)
This farm, built in the beginning of the XlXth century, has been embellished in its 
residential part {senorio) during the first decade of the XXth century. Both residential and 
industrial parts are well preserved.
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HACIENDAS (big mansions)
Name: Nuestra Sefiora de la Luz 
Denomination: Haeienda-Convento 
Site: Lucena del Puerto (Huelva)
Evaluation Value
1. Architectural!artistic quality Low (referred to the hacienda) l i s i i i i i i t
2. Functionality No agricultural use 0
3. Unique features Monumental complex of the 4.5
convent
4. State of conservation Very bad, ruined (hacienda) l i i S l S i l i !
5. State of traditional life-style No staff 0
6. State of production performance No production 0
7. Date of construction Since the X Vltii century 5
CP~ 1.65 (Bad)
This complex is a magnificent hacienda-convento, originally dedicated to cereal, olive 
and wine productions. A noble family gave it as a donation to the religious order of 
Jeronimos in the XVIth century, and promoted the construction of the convent. The 
agricultural lands were cropped by monks, together with farmers who rented small 
cropped areas. From the expropriation of the Church’s lands -around the the first half of 
the XlXth century- the lands and buildings were progressively fragmented and fell into 
decline.
Name: Torre Areas 
Denomination: Hacienda 
Site: Bolullos de la Mitacidn 
(Sevilla)
jpr valuation ^ V a tu e 'J
l- A* 1  ^f
V * t , -
1. Architectural/artistic quality Medium-High 3.5
2. Functionality Medium 3
3. Unique features Portal, counterweight tower, olive 
storage and wine press
3
4. State of conservation Good 4
5. State of traditional life-style Retired and young people 23
6. State of production performance Medium 3
7. Date of construction End of XVIth century, modified at 
the end of XlXth century
3.5
CP = 3.125 (Medium-high)
The origin of this farm is very old, as it comes from the transformation of an Arab 
alqueria dating before the Christian Conquest. After that, the farm was given as a 
donation to one of the families involved in the war against the Andalusian Arabs (Herrera 
Garcfa, 1989). Originally theis farms produced olives, cereals, vine and horticultural 
products together with the breeding of bulls. Now it produces olives and wheat- 
sunflower. The transformation of the complex was impressive during the second half of 
the XVIIIth century: the landlord family played a pivotal role in the trade of olive oil,
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wine, gold and silver with the American colonies. According to the progressive increase 
of the family’s wealth, power and prestige, their residence was embellished to reach a 
very high level of magnificence, splendour and luxury, which are comparable only to 
some Sevillan palaces. The older agri-industrial olive mill has been dismantled, but the 
more recent hydraulic press is well preserved.
Name: La Plata 
Denomination: Hacienda 
SiteiCarmona (Sevilla)
Evaluation Value
f ~
1. Architectural/artistic quality Very high ilfiSSi
2. Functionality Medium 3
3. Unique features Fa9ade, portal, counterweight tower 4
4. State of conservation From very bad to good 2
5. State of traditional life-style Retired, young people and children 3.5
6. State of production performance Medium 3
7. Date of construction XVIIIth century, enlarged in the 
thirties
3.5
CP = 3.55 (Good)
The residential part is extremely elegant and refined, while the agri-industrial part is in 
decline. Overall, the complex is beautiful and elegant, showing well-preserved fa§ade, 
portal and counterweight tower.
Name:Xenis 
Denomination: Hacienda 
, Site: Chucena (Huelva)
Evaluation Value
1. Architectural/artistic quality Medium-High m m rn m .
2. Functionality Medium 3
3. Unique features Facade, counterweight tower, mill 
of olives, chapel
4
4. State of conservation Good 4
5. State of traditional life-style Retired, young people and children 4.5
6. State of production performance Medium 3
7. Date of construction Around 1856 2
CP*= 3.575 (Good)
This farm was dedicated to olive growing and bull breeding in older times, before 
converting its production mostly to olive oil -and secondly cereal- production. The 
senorio is structured according to the patterns of the Sevillan palace, with two 
independent floors for living in summer and winter. The chapel is marvellous, as well as 
the magnificent urban courtyard. The industrial part is very large and includes a mill and 
a beautiful counterweight tower. The agricultural part is detached from these, being 
composed of other buildings and courtyards. Overall, the production performance of the 
complex is good, allowing a family to live permanently in it.
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; Name; Palma Gallarda 
'Denomination: Hacienda 
Site; Carmona (Sevilla)
Evaluation Value
L Architectural/artistic quality Very High f i i i i l #
2. Functionality Medium 3
3. Unique features Counterweight tower, chapel, urban 
courtyard
4
4. State of conservation Good 4
5. State of traditional life-style Retired, old and young people 3.5
6. State of production performance Medium-Good 3.5
7. Date of construction Beginning of XVIIIth century 4
CP = 3,85 (Good)
This farm now produces olives, wheat and oranges. The agri-industrial part shows a well 
preserved counterweight tower, and the residential part is ornamented with popular taste. 
The elegant chapel is detached from the rest of the complex.
Name; Bnjalmoro 
Denomination: Hacienda 
Site: Dos Hermanns (Sevilla)
■i-t „ Value
L Architectural/artistic quality Very high t l i S S l f i
2. Functionality Medium 3
3. Unique features Fa9ade, senorio, towers, olive oil 
storage, chapel
5
4. State of conservation Good 4
5, State o f traditional life-style Retired, young people and children 4.5
6. State of production performance Medium 3
7. Date of construction Since the XVIth century, reformed 
in the XVIIIth centtuy
4.5
CP = 425 (Good)
Originally an Arab alquerta, this farm has been radically reformed after the Christian 
Conquest. Nevertheless, the distribution of the structures and buildings -developed 
around a central courtyard- keep the original Arab design, showing some elements of 
mudejar decoration (Hemdndez Diaz, et alii, 1951). Originally it produced olives, wine, 
cereals and livestock: now it produces only olives and cereals. The chapel, towers, 
arcades and the senorto are extremely elegant and well preserved, with ornamentation 
added in the early XVIIIth century, while the agri-industrial part has been radically 
transformed.
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Name: Mateo Pablo 
Denomination: Hacienda 
Site: Alcate deGuadaira (Sevilla)
Evaluation Value
L Architectural/artistic quality Very high m m m m
2. Functionality Good 4
3. Unique features Portal, counterweight towers, 
chapel, urban courtyard
4
4. State of conservation Very good 5
5. State of traditional life-style Retired, young people and children 5
6. State of production performance Very good 5
7. Date of construction Half of XVIIIth century 4
CP = 4.55 (Very good)
This farm belonged in ancient times to a famous family of Spanish nobility, when it 
produced cereals, olive, livestock (horse, cattle, sheep, pigs). Now the entire production 
comes from cereal and olive crops, some of which irrigated. The agri-industrial part is 
very large, provided with two mills and two corresponding counterweight towers. The 
senorio is shows elements of the purest Arab tradition; being opened solely to the urban 
courtyard, its use is exclusively private. The agricultural part has been enlarged in the 
forties with an additional courtyard, dedicated to stables, stores for implements and living 
areas for the workers.
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Part II. Sample group farms
MOLINOS (olive-milling farms), CORTIJOS (farm-houses) and CASERlAS (small 
mansions)
Name: Gloria Vendrell 
Denomination: Cortijo 
Site: Espejo (Cordoba)
Evaluation Value
1. Architectural/artistic quality Very low 0.5
2. Functionality Important changes in several functions 1
3. Unique features Agri-industrial elements only 1
4. State of conservation Very few old elements maintained 1
5. State of traditional life-style Old and retired people, young people 3
as semi-permanent
6. State of production performance Some old elements working. Good 2
(Intensive) the new parts.
7. Date of construction Around 1920 1
CP = 1,425 (Bad)
This farm is dedicated to mixed cereals, sunflower and olive crops. The agri-industrial 
part reflects the multiple functions it has to fulfil, and is composed by different 
independent buildings, distributed around the well preserved rural courtyard. Overall, the 
style of the complex is simple and sober.
Name: Pastor 
Denomination: Cortijo 
Site: Fernan Nunez (Cordoba)
Evaluation Value
1. Architectural/artistic quality No artistic quality 0
2, Functionality No functions maintained 0
3. Unique features Agri-industrial elements only 0.5
4. State of conservation No old elements maintained 0
5. State of traditional life-style Old people only 1
6, State of production performance No old elements working. Very good 0
(Intensive) new parts
7. Date of construction Around 1940 1
CP = 0,4 (Very Bad)
A few decades ago this farm produced both olive and cereal crops, although the olive 
dominates. Only old people live in this farm, cropping a very limited area. Nevertheless, 
thanks to the machinery employed, the production is high, and no additional income 
source are required.
' NamerAugustin Rodriguez 
Denomination; Caserfa 
Site; Baeza (Ja£n)
Evaluation Value
1. Architectural/artistic quality Very low liillilll
2. Functionality No functions maintained 0
3. Unique features Agri-industrial elements only l
4 . State of conservation Few old elements maintained bad i
conditions
5. State of traditional life-style More young people and children as 5
permanent than retired and old people
6, State of production performance No old elements working. Very good 0
(Intensive) for the new parts
7. Date of construction Around 1910 1
CP = 1.55 (Bad)
Originally, this farm produced only olives. The aspect of the complex is simple, although 
ancient architectural elements show a certain elegance. Many old agri-industrial 
elements are recognizable, but not well preserved. The farmer family lives entirely on 
the olive economy, with two children and some relatives that occasionally contribute to 
the harvesting.
Name: Nunez del Prado 
Denomination: Hacienda 
Site; Baena (Cdrdoba)
Evaluation
1. Architectural/artistic quality Medium-High w m s m m
2. Functionality Almost all functions maintained 5
3. Unique features Olive mill, olive stores, ‘urban* 3.5
courtyard, senorio
4. State of conservation Very good 5
5. State of traditional life-style Equal proportion of old, retired and 4
young people as permanent
6. State of production performance Very good (Intensive-Ecological) 5
7. Date of construction Between XVIIth and the XVIIIth 4
century
CP = 4.175 (Good)
Located in the town of Baena, this farm manages the entire process of olive oil 
production -most of which is organic- coming from crops belonging to the old noble 
family Nunez del Prado, one of the best known in the county. The portal and some 
residential parts are well preserved, clearly separated from the agri-industrial parts. The 
old olive mill (molino de empiedro) is located in an independent building, where all the 
old machines are preserved and still working, representing probably the most interesting 
examples in Andalusia. The interred olive oil stores (tinajas) -  the most ancient in 
Andalusia (dated XVIIIth century)- are well preserved. Traditional life-style is 
mantained, attracting also rural and gastronomic tourism.
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/Name: De Frias Francisco 
Denomination: Hacienda 
, Site: Cabras-Nueva Carteya
Evaluation • Value
1. Architectural/artistic quality Very low i l i l i i S
2. Functionality No functions maintained 0
3. Unique features Agri-industrial elements only; traces 1.5
of ancient structures
4. State of conservation No old elements conserved 0
5. State of traditional life-style Equal proportion of old, retired and 4
young people as permanent
6. State of production performance Very good (Intensive) the modem 0
part, no old elements working
7. Date of construction After 1920 1
CP = 1.35 (Bad)
This farm has been totally transformed in the sixties, and no elements of the previous
structure have been maintained. Even so, it is very interesting. The landlord has assigned
to a local family of farmers the management of the agri-industrial activities as well as of
the rural and didactic tourism, whose economic contribution is very important. Overall,
this farm is highly productive and very profitable.
Name: Marques de Benavides Evaluation Value
Denomination; Caserfa
Montorefia
Site: Villacarrillo (Ja£n) .. . ■ ■ ■ -
1. Architectural/artistic quality Medium i l J l i i i l i
2. Functionality Important changes in several functions 2
3. Unique features Kitchen, ‘rural’ courtyard, oil storage 2
area, water storage
4. State of conservation Bad 2
5. State of traditional life-style Equal proportion of old, retired and 4
young people as permanent
6. State of production performance Very good (Intensive) the modem 0
part, no old parts working
7. Date of construction Second half of XlXth century 2
CP = 2.45 (Medium-low)
Originally dedicated to bull breeding (dehesa), this farm is now dominated by olive 
production. Several old structures and buildings have been transformed or dismantled, 
but some of them will be probably restored.The residential part -where retired and young 
people of the family are living- is almost sober, but attractive and well preserved.
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! Name: Jolma 
Denomination: Hacienda 
- Site: Osuna (Sevilla)
Evaluation , / Value
L Architectural/artistic quality l i l l l l i
2. Functionality Bad 2
3. Unique features Olive mill, fa£ade, senorio, kitchen, 
‘rural’ courtyard, oil storage area, 
water storage, sightseeing tower
4
4. State of conservation Good 4
5. State of traditional life-style Equal proportion of old, retired and 
young people as permanent
4
6. State of production performance Bad the old part, very good (Intensive) 
the new elements
3
7. Date of construction First half of XVIIIth century 4
CP = 3.575 (Good)
Cereal and olive crops dominate, together with a limited production of sunflower. 
According to the different agri-industrial functions to be performed, the agri-industrial 
and residential parts are clearly structured around independent courtyards. Production 
efficiency and modernization are apparent, promoted by a well-trained working staff, 
mostly young people. Most architectural and artistic elements of the residential part have 
been well restored, respecting the original structures. By contrast, the agri-industrial part 
has suffered important changes, although some old machines have been preserved.
Name: Rafael 
Denomination: Caserfa 
montorefia
Site: ViUacarrillo (Ja&i)
Evaluation
iiSpS®lS®8i8iillP3S||SMi®SaS|iiSi^ ?8tewSi8fi3^ #i|Bl§sl
, Value
1. Architectural/artistic quality Medium-high
2. Functionality Some changes in minor functions. 
Good
4
3. Unique features Olive mill, senorio, kitchen, ‘rural’ 
courtyard
4
4. State of conservation Medium-Good 3.5
5. State of traditional life-style Equal proportion of old, retired and 
young people as permanent
4
6. State of production performance Medium-good (Intensive) the new 
parts, fw old others working
3.5
7. Date of construction First half of XIXth century 3
CP = 3,725 (Medium-high)
Olive is the dominant crop of this farm: the olive mill (molino de empiedro), rural 
courtyard and oil storage are preserved in good condition, but are no longer working. 
Nevertheless, a very complete collection of ancient tools and instruments used for olive 
processing has been restored, and represents a good example of industrial archeology. 
The style of the buildings is simple and sober, but the ornamentation is beautiful and
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elegant. The part used by workers to live (gaheria ) is still in use during the harvesting, 
and is separated from the residential part for the owners (senorio): this last is mostly used 
by the family in the summertime, according to the usual life-style of the rural nobility of 
the province of Jaen. The oven and the kitchen maintain their traditional and sober aspect, 
and the small chapel has been transformed. Overall, the aspect of the buildings is simple 
but elegant, reflecting the status of the owners (one of them is a EC General Director!).
Name: Cristobal Sanchez 
Denomination: Caserfa 
Site: Rute (Cdrdoba)
Evaluation
L Architectural!artistic quality Very low M § m im
2. Functionality Very Bad (important changes in 1
several functions)
3. Unique features Kitchen, ‘rural’ courtyard, oil storage 2
area, water storage
4. State of conservation Bad 2
5. State of traditional life-style Old, retired and young people as 4
permanent
6. State o f production performance Low-Medium (Conventional) 2.5
7. Date of construction Second half of XlXth century 2
CP = Medium-Low (2.15)
Olives are the only product of this farm, whose aspect is almost sober. The agri-industrial 
part has been progressively modernized during the last decades, leading to a high 
productivity, whose income is sufficient to meet the family needs.
Name: Cabreros 
Denomination: Caseria 
Site: Cabra (Ctirdoba)
Evaluation
S S I
Value -
1. Architectural/artistic quality Very Low m m S im B .
2. Functionality Bad (changes in important functions) 1.5
3. Unique features Kitchen, ‘rural’ courtyard 2
4. State of conservation Bad 1.5
5, State of traditional life-style Old and retired people as permanent 2
6. State of production performance Low (Conventional) 2
7, Date of construction Second half of XlXth century 2
C/> = (L725)Bad
The production of this farm is integrated: olive crops and goat breeding. Although the 
overall aspect and style of the building are simple, some interesting elements of rural 
architecture are still in use, eg. the kitchen and the rural courtyard.
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? Name; Castellanotti Sebastiano 
• Denomination; Caseria 
i SiteiLaCarlota (Cdrdoba)
Evaluation Value
L Architectural/artistic quality No artistic quality 0
2. Functionality Only new elements 0
3. Unique features Agri-industrial elements 0.5
4. State of conservation No old elements preserved 0
5. State of traditional life-style Old and young people as permanent 2
6. State of production performance No old elements working. Low 0
(Conventional) in new parts
7. Date of construction Fifties HIBill
CP = (0.6) Bad
No old functional elements are shown by this farm, it is very modem and entirely 
oriented to the production of an unusual variety of olive for Andalusia, i.e. the Arbequina.
Name: Cooperativa Genave 
Denomination: Caseria 
Site: Puente de Genave (Jaen)
Evaluation Value T
1. Architectural!artistic quality Low t i i i l l ; #
2. Functionality Low-Medium (some changes in minor 2.5
functions)
3. Unique features Kitchen, ‘rural’ courtyard, oil storage 2
area
4. State of conservation Bad-Medium 2.5
5. State of traditional life-style Old, retired and young people as 4
permanent
6. State of production performance Low (Traditional-Ecological) 1.5
7. Date of construction Second half of XlXth centuiy 2
CP = Medium-Low (2.475)
Generally speaking, the farms belongs to a cooperative processing and marketing organic 
olive: this farm constitutes a typical example of the small farm-house in the province of 
Jaen. Functionality and rationality are the dominant characteristics, although a certain 
elegance in the ornamentation is apparent. The modernization of the agri-industrial part is 
limited, while old architectural elements of the residential part have been restored and 
preserved. Although the cropped land is limited, the higher profitability of organic olive 
oil production supports the entire family, thus mantaining their traditional life style.
Name: Pajardn Maitolo Evaluation Value
i Denomination: Caseria
, Site: Puente de Genave (Ja£ri) r X - ~ \
1, Architectural/artistic quality Low-Medium wm.i l l ®
2. Functionality Low (some changes in minor and 2
important functions)
3. Unique features Olive mill (beam-press), kitchen, 2.5
‘rural’ courtyard, oil storage area
4. State of conservation Bad 2
5. State of traditional life-style Retired people permanent, young 3
people semi-permanent
6. State of production performance Low (Traditional-Ecological) 1.5
7. Date of construction First half of XlXth century 3
CP = Medium-Low (2.425)
This farm constitutes one of the most interesting examples of a well-managed small farm­
house in the mountain areas of the province of Jaen. Although functionality anc
rationality are dominant, a good restoration of old elements has been carried out. Th(
farming family lives entirely on the income from the organic olive oil produced.
Name: Manolo Evaluation I H I i S t
Denomination: Caserfa
Site: Pnente de Genave (Jain)
L Architectural/artistic quality Almost Low i M i i l l
2. Functionality Low (changes in important functions) 2
3. Unique features Kitchen, ‘rural’ courtyard 2
4. State of conservation Bad 2
5. State of traditional life-style Retired people and young people 4
permanent
6. State of production performance Low (Traditional-Ecological) 1.5
7. Date of construction Second half of XlXth century 2
CP = (2.175) Medium-Low
This farm represents a very sober example in the mountain areas of the province of Ja6n. 
Few old architectural elements remain, but are well preserved. This farm also produces 
organic olive oil, but young people -  living in the farm most of the year- prefer to work 
in the Balearic islands during summertime to increase their standard of living.
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 ^Name: Conception Atlas 
Denomination: Caserfa
Evaluation Value
1. Architectural/artistic quality i f l l l f f S I
2. Functionality Low (changes in important functions) 2
3. Unique features ‘Rural* courtyard 2
4. State of conservation Bad 2
5. State of traditional life-style Retired people and young people 4
permanent
6. State of production performance Very Low (Traditional-Ecological) 0.5
7. Date of construction Second half of XlXth century 2
(225) Medium-Low
This farm is very similar to the previous one, and is very sober and simple. The rural 
courtyard is the only old element preserved. This farm also produces organic olive oil, 
accounting for the most important share of the income of the family, augmented by the 
pensions of the grandparents.
Name: Arias-Sanchez 
Denomination: Caseria 
Site: Pnente de Genave (Ja€n)
Evaluation
.
sm ss
L Architectural/artistic quality Medium
2. Functionality Medium (some changes in minor 
functions)
3
3. Unique features Olive mill, mill chimney, 
counterweight tower, kitchen, ‘rural* 
courtyard
3
4. State of conservation Medium 3
5. State of traditional life-style More children and young people than 
retired and old people
5
6. State of production performance Low (Traditional-Ecological) 1.5
7. Date of construction First half of XlXth century 3
CP = (3.175) Medium-high
This farm is very old and beautiful, mantaining its charm and elegance. The old olive mill 
is well preserved with its counterweight tower. Originally this farm processed the olives 
coming from other farms of the area. Now the only production is organic olive oil, whose 
higher profitability allow the family to live in the farm on a permanent basis with several 
children.
Name: Concepcidn Sanchez 
Denomination: Caserfa 
Site: Cenave (Ja&i)
Evaluation Value
1. Architectural/artistic quality
2. Functionality
3. Unique features
4. State of conservation
5. State of traditional life-style
6. State of production performance
7. Date of construction
CP =
Low 2
Low (some important changes in basic 2
functions)
Kitchen, ‘rural’ courtyard 2
Medium 2,5
More children and young people than 4
retired and old people
Very Low (Traditional-Ecological) 0,5
First half of XlXth century 3
(2.4) Medium-Low
This is a fairly old farm-house, well preserved in a charming landscape. Few old agri­
industrial elements are working, but the rural courtyard and the kitchen are well 
preserved. Although the organic olive oil produces good profits, the cropped area and the 
production are limited: accordingly, the grandparents' pensions account for an important 
share of the family income.
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Tab.9 Synthetic table for the evaluation of the Cultural Profile of the Control group 
Farms
Code Farms CP( 5-step 
numeric)
CP (qualitative)
Molinos, caserias and cortijos
1 La Campana 1.975 Medium-low
2 Fuente la Higuera 2.3 Medium-low
3 La Alcantarilla 3.175 Medium-high
4 Los Propios de Guadiana 2.925 Medium-high
5 Irihuelas 3.05 Medium-high
6 Las Mercedes 3.35 Good
7 Santa Maria de Toberuela 3.675 Good
8 La Seraflna 
Caserias Moniorenas
3.1 Medium-high
9 De Santos 1.725 Bad
10 La Colord* 1.725 Bad
11 Escalera 2.175 Medium-low
12 Las Pozas 2.3 Medium-low
13 Los Aguayos 2.45 Medium-low
14 Las Monjas 2.625 Medium-high
15 La Roza Alta 4.1 Good
16 La Simona 
Haciendas
4.2 Good
17 Nuestra Senora de la Luz* 1.65 Bad
18 Torre Areas 3.125 Medium-high
19 La Plata 3.55 Good
20 Xenis 3.575 Good
21 Palma Gallarda 3.85 Good
22 Bujalmoro 4.25 Good
23 Mateo Pablo 4.55 Very Good
* No agricultural production
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Tab. 10 Basic statistical analysis of only productive farms (excluding farms n° 10 
and 17)
Molinos, Caserias, Cortijos Caserias Montorenas Haciendas
Mean 2.947125 2.79642857 3.81666667
Standard Error 0.19556753 0.36512508 0.21091731
Median 3.075 2.45 3.7125
Standard 0.5531485 0.96603017 0.51663978
Deviation
Sample 0.30597327 0.93321429 0.26691667
Variance
Kurtosis 0.14961359 -0.9462715 -0.7301009
Skewness -0.8127431 0.86481436 0.24323222
Range 1.7 2.475 1.425
Minimum 1.975 1.725 3.125
Maximum 3.675 4.2 4.55
Sum 23.577 19.575 22.9
Count 8 7 6
Confidence 0.46244339 0.89342955 0.54217932
Level(95.0%)
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T ab .ll
Summary of the criteria related with production relevant for the Cultural Profile
(CP)_________________________________________________________________
Farms CP Functionality Traditional
life-style
State of production 
performance
Weighted sum
La Campana 1.975 1 1 1 1
Fuente la Higuera 2.3 1 1.5 1 1.22222222
La Alcantarilla 3.175 3 3 5 3.44444444
Los Proplos de 
Guadiana
2.952 2 2.5 2.5 2.33333333
Irihuelas 3.05 2 2.5 2.5 2.33333333
Las Mercedes 3.35 4 3 4 3.55555556
Santa M° de 
Toberuela
3.675 4 2.5 5 3.55555556
La Serafina 3.1 2.5 2.5 3 2.61111111
De Santos 1.725 2 0 1 0.88888889
La Colors 1.725 0 0 0 0
Escalera 2.175 1 1 1 1
Las Pozas 2.3 2.5 0 3 1.5
Los Aguayos 2.45 1 1.5 2 1.44444444
Las Monjas 2.625 2 1.5 2 1.77777778
La Roza Alta 4.1 4 4 5 4.22222222
La Simona 4.2 4 3.5 5 4
Nuestra Sefiora de la 
Luz
1.65 0 0 0 0
Torre Areas 3.125 3 2.5 3 2.77777778
La Plata 3.55 3 3.5 3 3.22222222
Xenis 3.575 3.5 4.5 3 3.83333333
Palma Gallarda 3.85 3 3.5 3.5 3.33333333
Bujalmoro 4.25 3 4.5 3 3.66666667
Mateo Pablo 4.55 4 5 5 4.66666667
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Tab.12 Sample Group oilve farms
Code Farms CP
HACIENDAS
24 Nunez Prado 4.175
25 Jolma 3.575
26 De Frias
CASERIAS MONTOREn AS
1.35
27 Benavides 2.35
28 Rafael
CASERIAS, CORTUOS
3.725
29 Augustin 1.55
30 Gloria 1.425
31 Pastor 0.4
32 Cristobal 2.15
33 Cabreros 1.725
34 Castellanotti 0.6
35 Arias-Sanchez 3.175
36 Coop.Genave 2.475
38 Pajardn 2.475
39 Concepcion Sanchez 2.4
40 Arias 2.25
41 Manolo 2.175
Source: data reworked from section 3.4 and field data
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Tab.13 Average value of Cultural Profile (CP) In olive farms
Caseiias, Caseiias Haciendas 
Cortijos, Montorenas 
Molinos
CP
Sample 2.01363636 3.0375 3.10833333
Control 2.94375 2.6625 3.50714286
Source: datareworkedfromTabs.il and 12
Tab. 14 Sample Group olive farms: classification according cultural, socio-economic 
and environmental criteria
Farms___________________  Cultural_______Socio-economic Environmental
HACIENDAS
Nunez Prado Hacienda Intensive Ecological-1
Jolma Hacienda Intensive Intensive-1
De Frias Hacienda Intensive Intensive-1
CASERIAS MONTORENAS
Benavides Caserfa Intensive Intensive-1
Montorena
Rafael Caserfa Intensive Intensive-2
Montorena
CASERIAS, CORTIJOS
Augustin Caserfa Intensive Intensive-1
Gloria Cortijo Intensive Intensive-1
Pastor Caserfa Intensive Intensive-1
Cristobal Caserfa Conventional Conventional
(bare soil)
Cabreros Caserfa Conventional Conventional
(vegetal cover)
Castellanotti Caserfa Conventional Conventional
(bare soil)
Arias-Sanchez Caserfa Traditional Ecological-2B
Coop.Genave Caserfa Traditional Ecological-2A
Pajardn Caserfa Traditional Ecological-2A
Concepcidn Sanchez Caserfa Traditional Ecological-2A
Arias Caserfa Traditional Ecological-2A
Manolo Caserfa Traditional Ecological-2A
Source: Appendix III, Tab. 10 and sections III.4 and III.5.
432
APPENDIX IILvi 
Figures
433
Fig.1 Cultural Profile (CP) of Control Group olive farms
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Fig. 2 Cultural Profile (CP) of Sample Group olive farms
HACIENDAS 
Nunez Prado 
Jolma 
De Frias
CASERIAS MONTORENAS 
Rafael 
Benavides 
CASERIAS/CORT1JOS 
Augustin 
Gloria 
Pastor 
Cristobal 
Cabreras 
Castellanotti 
Arias-Sanchez 
Coop. Genave 
Pajaron 
Conc-Sanchez 
Arias 
Manolo
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Wtefe- I CP Socio-economic category/ Environmental category
  n u n l i l i  III i u  i B m i  i i  »un
Inten; ive/ Ecotogica
Tnn i m m im iHiiinii
inililLU
n u n  iii i
fmiinnimmi
m
1
Con'
jWStSWSSMlBiSS
tentiona/Conventional I
Intensive /  Intensive
Tnditiona/ Ecoligicall
Source: Tab. 14
435
Fig
.3 
A
ve
ra
ge
 
Cu
ltu
ra
l 
Pr
of
ile
 
(C
P)
 
in 
oli
ve
 
fa
rm
s 
be
lo
ng
in
g 
to 
sa
m
pl
e 
an
d 
co
nt
ro
l 
gr
ou
ps
J 4 ^  F -w * #
-v if
Ca
se
n'a
s, 
Co
rti
jos
, M
oli
no
s 
Ca
ser
ias
 M
on
tor
en
as
 
Ha
cie
nd
as
Fig
.4 
Cu
ltu
ra
l 
pe
rf
or
m
an
ce
 
of 
oli
ve
 
pr
od
uc
tio
n 
sy
st
em
s
tiraim
"■ £*.?' i v i' »•* '-j „ ¥
*"  ^A}~*> I**!* /JiH*!**?f  !■<< , t  A* #
■ y j n u ^ M.^   .........   ■■ I‘.Vr '.'V '^c *,|C' v '^if ■» 
r  ■T"-' p  f -  ;
■» * i*  *i— la  ft • 'a j S I  I t  a** "  *1* * w- »* ^ ? S a  I 
i * V *„ r,V%** '**-** K'-i
» .  * .» » ■  ■ > .  f t  5
«»
fy r t  ■*• Jt.
v :~~?: ^
-»■■ ',  * ’-> * ' . , y " * *".»
u »  «. * **• *? *T i i 4 • »
:,*  ' * \7 < :,{ . * 4  i  j * ^
t^ 'C/f.%- T?p!; tTv*V^ vV :*"**
% * V ' »* *1?-. *■ * jV *\»
r® -  i j
■ » , . w .  - - W ?
LO LO
CO
CO LO
Csj
00
00
00
"roy’a)_o
ooU_l
<
00
75y
‘co_o
oo
LU
00
V>
‘(75c0)
TOy
'o>_o
oo
LU
TO «-r-*
*“ o
c0)>cou
2
TOX!
>ood)V>
m6;8M aAue|9y
So
ur
ce
: T
ab
s. 
12 
and
 
14
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
APPENDIX Ill.vii
441
Tab.l Average economic and job performances of olive prodnction systems
Small Big Intensive Conven. Conven. Ecolog.l Intens. 2 Ecolog. 2A Ecolog2B
Intens.l Intens. 1 1 (bare (veg.cov
____________________________soil) er)___________________________ ____________
Economic 
(Nl/ha, in 360,368 217,940 289,154 178,269 139,927 371,385 31306 59398 53,857
Pts)
Overall 1.73 0.706 1.166019 0.8 1 0.89041 0.68947 0.4 0.427507
jobs /ha 
Permanent 0.5925926 0.011984 0.256 0.2 0.2 0.034 0.06 0.2 0.33
jobs
Casual 1.12962963 0.695198 0.910019 0.6 0.8 0.85641 0.62947 0.2 0.09751
jobs/ha
Source: data reworked from Appendix Ill.iv, Tab.4.1.4.1-2-3 and Tab.3.2
Tab.2 Average environmental performance of olive production systems____________
Intensive 1 Convention. Convention. Ecological-1 Intensive 2 Ecological- Ecological-
____________________(bare soil) (veg. cover)_______________________ 2A 2B________
Negative -11.828408 -33.633028 -24.948728 -1.4336311 -31.795785 -7.9968117 -10.966276
Positive 0.36062899 0.33333333 4.01742382 3.96400137 1.30258778 18.648663 20.4416411
Overall -11.467779 -33.299695 -20.931304 2.53037031 -30.493197 10.6518513 9.47536496
Source: data reworked from Appendix III.v, Tab.7.22
Tab.3 Average cultural performance of olive production systems____________________
Intensive 1 Conventional Conventional Ecological 1 Intensive 2 Ecological Ecological
____________________ (bare soil) (veg.cover)___________________________2A______ 2B________
Cultural 1.8125 1.375 1.725 4.175 3.725 3.175 2.345
Profile
I S ! _________________________________ ;________________________________________ __
Source: data reworked from Appendix IH.vi, Tab.l 1
Tab.4 Normalized impacts of olive production systems  ____________________
Average Intensive 1 Conventional Conventional Ecological 1 Intensive 2 Ecological Ecological 
weighted (bare soil) (veg.cover) 2A 2B
impacts_________________________________________________________________________________
Economic 9.2 5.7 4.5 11.9 1.0 1.9 1.7
Social: 7.5 5.9 5.9 1.0 1.8 5.9 9.7
permanent
Jobs
Social: casual 9.3 6.1 8.2 8.7 6.4 2.0 1.0
Jobs
Social: 1.17 0.8 1 0.89 0.69 0.4 0.43
overall Jobs
Environmental -4.533 -13.162 -8.273 1.0 -12.053 4.21 3.75
Cultural 1.3 1.0 1.3 3.0 2.7 2.3 1.7
Overall (sum) 7.19 -5.67 -1.55 16.79 -7.65 8.82 7.6
Source: data reworked from Appendix Ill.vii, Tab. 1-2-3. The highest values are indicated in bold.
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